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PREFACE. 






It is hardly necessary for the author of Ae faUowing Toltime 

to make any excuses for its publication, since, notwithstandiog 
the liiultipliciiy of books on the same subject, there seems to be 
none, which are eKactly adapted to (he object for which this is 
principally designed. The ConTeisationa on Chemistry, and the 
■works of Parke and Joyce, besides the interlocutory form in which 
they are written, are objection able, in not cootaining the recent 
discoveries and impiovements in the science; and the volume of 
Dr. Turner, though free from these objections, is too large for the 
ose of schools and academies. 

In this volume, it has been the intention of the author, not only 
to avoid these objections, but, at the same time, to explain the 
elements and doctrines of the science in sufficient detail, to give 
a competent knowledge of its several parts, and in s'.ich languaga 
Bs can be understood by those who will but read the book atten- 
tively and pursue the subject in course- 
It appears to the writer, that in leaching Chemistry to youth, 
its elementary parts have not been sulhciently insisted on at the 
beginning. Of all the sciences, this is the most complete, in 
respect to its language^lhe order of its arrangement, the succes- 
sion of its subjects, and consequently in the facility with which 
it may be learned. But from these perfections, arises the abso- 
lute necessily of becoming well acquainted with its first principles, 
before the student can derive and retain any useful Knowledge 
from its studv. The nomenclature of chemistry, the laws of 
affinity, and the doctrine of proportions, are far more necessary to 
a proper knowledge of this science, than is a knowledge of ma 
thematics to the study of Astronomy. The cause of an eclipse, 
or the reason why the complicated motions of the earth should 
produce a change of seasons, can be fully understood without the 
use of mathematics. But without a knowledge of affinity, and 
proportions, the decomposition of a salt, or the formation of a d»- 
nuite compound, are absolutely incomprehensible phenomenaj 
nor can they be explained without a previous acquaintance with 
the peculiar language of chemistry. 

It is from a conviction of the importance of first pnnciples in 
learning this science, that the author has devoted so much atten- 
tion to the imponderable agents, attraction^ affinity, and galvanism, 
and to the explanation of definite proportions ana chemical equi- 
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Tha doctrine of definite proportions, being novf maventSt 
adopted, forms one of the fuDdaiDeDtal principles of chemical 
science. And whether the theory of aioma, which accounts fw 
the facts OD which this doctrine is founded^ be true, or false, the 
doctriae itself will ever maintain its integnty, its elements being 
nothing more than the expression of facts which experiment sina 
analysis have developed. The subject of proportions, indepen- 
dently of its relation to the theorjr or practice of Chemistry, ia 
highly curious and of uncommon interest, both to the naturalist 
and the moral piiilosopher. To the first Ll shows that the lawi 
of nature are equally inherent and efiicient, in dead and in ani- 
mated matter, and that the effects of these laws are as peculiar 
and distinctive ia the formation uf chemical compounds, as they 
are in the production and habitudes of the different races of ani- 
mals. To the moralist, this subject teaches, that nothing has 
been formed by the fortuitous concurrence of atoms, but that even 
the " stocks and stones" bear the impress of creative agency and 
design—that the air he breathes and the water he drinks, are 
formed of invariable proportions of certain elements, and thai 
these compounds are so precisely adapted to his nature and 
wants, that the least change in the proportion of their constituents 
would inevitably effect his destruction. 

Besides t:,e charms which this subject presents to the reflecting 
student, the composition of compound bodies, iu recent books of 
chemistry, is expressed in equivalent numbers, and therefore 
cannot be understood without a knowledge of the doctrine oi 
proportions. The author, therefore, before the description of each 
element and compound, has afRxed to its name, at the head of the 
sections, its combining number, or atomic weight. By this, ar- 
rangement, the pupil, at a single glance, becomes acquainted, not 
only with the scientific, and common names, hut also with the 
composition, and proportions of all the compounds described. 

In resect to the aulnorities which have been consulted in the 
composition of this work, the principal are Dr. Thomson, Dr. 
Henry, Sir H. Davy, Mr, Gray, Dr. Ure, Mr. Accum, Mr. Fara- 
day, the Library of Useful Knowledge, the Journal of the Royal 
Institution, Silliman's Journal, and Dr. Turner. 

Of the work of the latter author, free use has been made, his 
arrangement of subjects, with some variations, having been adopt- 
ed, and his exposition of the doctrine of proportions carefully 
consulted. The work now offered, is not however to be considered 
as a servile compilation ; the former experience of the author as 
a lecturer, and his habit, for many years, of analysing varioits 
substances, having given him opportunities, not only of verifying 
the deductions of others, but occasionally of making new eiperi- 
ments for himself. 

Hartford, November 15, 1831. 
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CHEMISTRY. 



Chehistrt is that science wtich investigates the compo- 
sitioD and properties of bodies, and by which we are enabled 
to explain the causes of the natural changes which take place 
in material substances. 

Natural Science has been divided into two great branches, 
the one comprehending all those natu.-'il changes which are 
accompanied by sensible motions ; the other, including all 
those natural changes accom[>anied by insensible motions. 
The first science is called Natural Philosophy; including 
also the Philosophy of Mechanics, and the laws of motion. 
The secc.'.d is known under the name of Chemistry, or Che- 
mical Philosophy. 

As a science, Chemistry is of the highest tmpottance to 
luankind, since by its investigations, the practical arts are 
constantly improving. , 

AH i-lippj_i|jql knowledge is founded on analysis and lynlAe- 
(M, that is, the decomposition of bodies, or the separation of 
compounds into their simple elements, or the recomposition 
of simple bodies into compounds. 

When water is passed through a red hot iron tube, in the 
form, of steam, it is dworaposed; ita oxygen uniting with the 
iron, while its hydrogen passes away in a slate of freedom, or 
may be collected and retained. This is called anffl/yiis ; and 
(he bodies so separated frcm each other, if they cannot again 
be decomposed, are called elements. Thus nydrogen and 
oxygen are the elements of water. When oxygen, which 
may be obtained pure, as will be seen in another place, la 
burned with hydrogen, a quantity of water w\Jl be formed. 
This is called synthesis, or the recomposition of water from 
its elements. Thus all knowledge of this science b obtaineo 
by experiment. 
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10 tVPOHDERABLK lOENTS. 

Ajs ft science, chemistry is intunatelv connected with a 
great Tariety of natuial phenomena. All salisfictory enila- 
nation of the causes of rain, hail, dew, wind, earthquakes, 
and volcanoes, have been given by the aid of ch^nical 
knowledge. The phenomena of respiration, the decay and 
growth of plants, and the functions of the several parts of 
animals, are also explained in a satisfoctoiy manner, only 
by the aid of chemistry. 

As an art, chemistry is connected, more or less intimately 
with nearly every branch of human industry, and particular- 
ly with agriculture and manufactures. In its application to 
agriculture, chemistry furnishes the most direct and certain 
means of ascertaining what a barren soil w-anls to make it a 
fruitfiil one, and also what ingredient any soil requires to 
best adapt it to any given kind of produce. Many of our most 
common and useful articles are manufactured entirely by 
chemical processes. The making of soap, glass, bleaching 
salts, the several kinds of acids, and almost every kind ol 
medicine, depend wholly on the manipulations of chemist^. 
The art of the potter, iron-smith, tanner, sugar-maker, dis- 
. tiller, brewer, vinler, paper-maker, and painter, are also con- 
nected in various degrees with chemistry. 

Natural objects may be separated into two great divisions, 
or classes, viz. ; Imponderable agents and Ponderable bodies. 



IMPONDERABLE AGENTS. 



The imponderable agents are Light, Caloric, or Heat, 
Electricity, and Gialvanism. These are called the imponde- 
rable agents, because they possess no appreciable weight 
The mvestigation of many of the properties of these agents, 
and particularly those of light and attraction, belong to the 
several departments of Natural Philosophy, but they each 
possess propeflies also, which are strictly chemical, and it ia 
these properties only, which it ia proposed here to eiamine. 

Whu us uKHig Uw baninl phuHiiuiu which chsniHcy BijiUiiiil Vial an 
uuHigibeiiKBdiDporunt ana which duiTflidTuu^fhmiehdinkHfjl How ue pats- 
nl ohjeeu dlTidedl Wh« an tha Impoodudil* (((iiili i Wbr u* Hub ■fuw odM 



oflb^Google 



Heat is tbe sensatioa which one feels when he touches a 
body hotter than the hand; and this sensation is caused by 
thepassa^ of caloric from the hot body to the hand. Thns 
caloric is the cause of the sensation which wc call heat, and 
heat is the effect of the passage of caloric into the hand 
Caloric, tben, is the matter, or prinetpU of heat, while heat is 
the sensation produced by the transferor this piincipleto the 
living system, from some body hotter than itself. 

_ Cdoric is impondeiiible ; that ia, there ia no appreciable 
difference in ihe weight of a body, whether it is hot or cold. 
This principle seems to be present in all bodies, nor is there 
any known process by which it can be separated from any 
substance. For since heat constantly passes from the hotter 
to the colder body, until every thing in the same vicinity 
becomes of an equal temperftlure, so if we lake a substance at 
a temperature however 'low, and carry it to a place where the 
temperature is still lower, thia substance will give out beat 
QntU its temperature becomes the same with that of the sur- 
rouuding air. For instance, if a piece of ice at 32 degrees 
of temperaiure, could be transported to any place, as in Si- 
beria, where the temperature is 60 degrees below 32, then 
this piece, ofjce will continue to emit caloric until its tempe- 
rature becomes only equal to that of the surrounding atmos- 
. phere, and it would therefore give out 60 degrees of heat. 
It wilLbe quite obvious to any one, that if a piece of iron, or 
any oAV substance, be carried from the open air on a sum- 
mer's day, where the heal is 92, lo an ice house, where the 
heat is only 32, that the iron will continue lo part with its 
heat until it becomes of the same temperature with the ice, 
and therefore that it will in a short time, lose 60 degrees of 
heat, as indicated by the thermometer. 

Heat and cold ate therefore merely relative terms, and so 
far as our sensations are concerned, depend on circumstan- 
ces. Thus we call a body cold when its temperature is lower 
than our own, and it has at the same time, the power of con- 
ducting heat rapidly That the sensation of cold, which we 

^^B ana uwelHa ibodr houar ibui hlH hand, w)i7 don he feel ibtnuBUlon of bean 
W^Bia eaknict Wbu la heul llsw ta II pmred IhuciJocic b imponderelilel 
DnAltBbowDihataloftciapmentlniilliwdin) Whu llliMmloM ahow Uui <M 
wflAiltaikiricI How an hnl and coM nlsiie urmsl How bit ihownltaulbeHD- 
■UoBar odd often dtFoA oo iha KOdouing poim of Uw bodr 1 
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13 

ezpenence, when touching another body vrith the hand, de- 
pends greatly on the conducting power of the body touched, 
13 easily proved by the following' experiment { A piece of 
woollen cloth, or fur. and a vessel of quifltsilver, beiogf 
placed in [he same room, will both indicate the same tempera- 
lure, when the bulb of a thermometer is wrapped in the one, 
or plunged into the other. And yet if the experiment be 
made in the warmest day of summer, the mercury will feel 
cold to the hand, while no sensation will be produced on 
touching the cloth or fur. Now both articles touched, being 
df the same temperature, it is certain that the different sen- 
sations must depend on the power of the mercury to absorb, 
or conduct away the heat of the hand more rapidly than the 
fur or cloth. 

On the contrary, we say a body is warm, or hot, wheri it 
imparls- heat to the hand, more or less rapidly. Bui this sen- 
sation, to a certain degree, also depends on circumstances, 
and is connected with the relative temperature of the hand, 
and the conducting power of iJie substance touched. Thua 
if one hand be placed in water, at 32 degrees, and the other 
in water at 130 degrees, and then both hands be plt^nged 
into water at 90 degrees, one hand will feel cold, and the 
other warm, though the temperature lo which both are expo- 
sed is the same. This principle is itluslraieJ by the differ- 
ent sensations which men and animals expei;ience, when 
transported from a cold or hot climate, to one which is tem- 
per^e. A Russian would consider the coldest New England 
winter, a pleasant and comfortable season, while an inhabi- 
tant of Sumatra, or Borneo, would tremble with the cold of 
our September. A white bear from Greenland, or a dog from 
Kamtschatka,woiildconstantlyaufferfrom the heat, while an 
elephant, or a naked dog from Africa, would require protec- ■ 
lion from the cold. 

One of the hiosl obvious properties of caloric, is, its ten- 
dency to an eqailibTiitm, that is, ita disposition to pass from the 
hotter body to that which is colder. Thus if several bodies 
of different temperatures be placed in the same room, the 
warmer body will continue to impart its heat to those which 
are colder until they all indicate the same lempeiatnie by 



lancH t Whit iUunretloni sR glnu of Uiii pniJ^la I 
u propenlH oTutork 1 Wlua li mstunbr tquiUbrliimt 



oflb^Google 



ibe lIi«rmometer. This dlBtribatioa is so equal koA mnMral, 
that two thermom^ers, graduated exactly alike, ana placed 
nmder the same circumstances in the open air, will indicate 
the same degrees of heat though j)laced miles apart Thu 
coloric has the power of pervaduig all substances, and lit 
equalizing their temperatures. 

Caloric exists in two difierent states, viz. in a state of com- 
bination, and in a state of freedom. It has already be«n 
stated, that all bodies are supposed to contain caloric, but tha 
all bodies do not contain sensible beat, or are not warm to 
the touch requires no proof. Common occurrences, however, 
as we have already seen, ate sufficient to show, that to a cer- 
tain extent, ihe sensation of heal depends on circumstances, 
and that it is only necessary that a body touched, should be 
of a higher temperature than the hand, for us to perceive the 
sensation of warmth. But it by no means proves, that 
because the thing touched does not feel warm, that it con- 
tains no caloric. It follows, therefore, that when the body 
touched, conveys the sensation of heat, that caloric passes 
from the body to the hand, and this is called free, or uneom- 
bined caloric; but that when no sensation follows, the heat 
is combined, or latent, in the body touched, and therefore is 
n#t imparted to the hand. 

Combined or latent Calorie. This is also sometimes called 
caloHc of fluidity, because in the conversion of solids into 
ftnids, a quantity of heat is absorbed which is not indicated 
by the thermometer, and which, therefore, becomes latAt in 
the duid. 

The experiments of Dr. Black, in relation to this subject, 
are highly curious and interesting. These experiments 
prove, ial if a pound of water at 32 decrees be mixed with 
a pound of water at 172 degrees, the temperature of the 
mixture d)Bl be intermediate between them, and therefore , 
102 degrees. But if a pound of ice at 32 degrees be mixed 
with a pound of water at 172 degrees, the ice will soon be 
dissolved, and then on applying the thermometer to the water 
thus formed, it will be found at the same temperature that 
die ice was before the addition of the warm water, and there - 



It coDdDgriooB 1h drum {jxaa iha ftuihu calorie toequBtlrdtnnliiiudl Wlut 

BadM il d«B out IM mrml ITeTUf bodj conuins hew, nh;diie* ItDotBlwnJV 
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fere Bt 32 degreei instead of i02 Aegreet, u bdbr«. ttc 
this experiment, therefore, the pound of hot water lost 140 
degrees of caloiic which is employed in melting the ice, and 
which is not appreciable by the thermometer, but i^miitu 
latent in the water. It follow, then, that a quantity c^ ca- 
loric becomes insensible during the melting' of ice, which, 
were it free, or uncombined, would raise the temperature o( 
the same weight of water 140 degrees; tor, the ice being at 
3% degrees, and the water at 172 degrees at the beginning ol 
the experiment, and the whole being at 32 degrees, at tha 
end, the water loses 140 degrees, being the excess of 17'2 
degrees above 32. 

It is well known that if a piece of ice be exposed to the 
Ta:y3 of the hottest sun in the summer, or if it is placed in a 
vessel over a tire, the temperature of the ice, or of the wa< 
tei flowing from it, will not be raised above 32 degiees, until 
the ice is all melted, when the thermpmeler pieced in the ves- 
sel will instantly begin to rise. Those who have melted 
snow, or ice for culinary or other purposes, are well aware 
how much more time and fuel it takes to obtain a vessel of 
boiling water from ice, than it does irom the liquid itself 
But this fact is readily accounted for by Dr. Black's experi- 
ment, .sini^e we have seen above, that 144 ^D^eea of hAt 
are first employed merely in converting the ice into water, 
and that this caloric does not raise the water one degjreQ 
above the freezing point, or 32 degrees, until all the ice is 
melkd. 

This principle is of vast consequence to-the world, and par- 
ticularly to the inhabitants of cold climates, where the ground 
18 covered with snow and ice. a part or the whole of the year. 
In some northern climates, and particularly in Russia, the 
transition from the cold of winter to (he heat of summer, takes 
place within a few days, the ground being coverwl several 
feet deep with the accumulated snow of the winter. Now 
were it not for the iact above explained, and did the snow and 
ice follow the same law in respect lo temperature, that we 
observe in some other bodies, this whole mass would be turned 
into water nearly as soon as the temperature of the atmos- 
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'^ere becsme abore 32 degrees, and conaeqaently the wMs 
Country would be inundated and destroyed by the flood. 

ftfiiU in consequence of the quantity of caloric employed in 
the liquefiiction of the sdow, tli« melting is gradual, and no 
~'v«ch accident ensues. This is a striking instance of tha 
wi^om and mercy of ProTidence towards man, though to 
mcHit of the world it is unseen and unknown. 

We have mentioned the meking of ice, as heing-the moat 
femiliar example, in most parts of our country, of the ctn- 
version of a solid into a fluid. But the same piinciple holdi 
^th respect to the conversion of other solioa into liquids, 
though the quantity of caloric reqitired for thi& purpose variea 
with the substance. 

From the experiments of Dr. Irvine, it appears that the fol- 
lowing named substances vary in this respect very widdy, 
and also very unexpectedly. Equal weights of each substance 
Bte supposed to be employed in the experiments : The d»- 
frees indicate the extent to which each would have bem 
heated by the caloric of fluidity, proper to it. Spermaceti 
145 degrees; Lead 162 deg.; Bees-wax 175 deg. ; Zinc 493 
deg. ; Tin 500 deg. ; Bismuth 550' d^. 
Steam. 

When water, or other liquids, are converted into steam, « 
large quantity of caloric ia absorbed, which is not indicated 
by the thermometer, and which therefore becomes latent ia 
the steam. 

If a thermometer he placed in an open vessel of water, over 
a fire, there will be indicated a gradual increase of heat until 
ine water boils, after which, no increase of the fire will raisa 
me temperature of the water another degree ; nur does the 
Meam, arising from a vessel of water which boilii violently, 
indicate a greater degree of heat than the water itseIC or t^ 
(be steam arising from another vnesel which boils moderately, 
•fhe rteam conveys away all the heat above 212 degrees of 
Fahrenheit's thermometer, which is the temperature of boil- 
ing water under the ordinary pressure of the atmosphere.^ 

The quantity of caloric which combines with the water to 
fbim steam.'is nearly 1000 degrees greyer than that of the 
same weight of boiling water.' In other tetms, the caloricof 
fluidity in steam surpasses that of an equal weight of boiling 
water by nearly 1000 degrees. Consequently there is nearly 
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1000 degrees of heat in steam which is not indicated by tbf 
thei mometer, and is therefore latent 

Various methods have been ^opted by different philoso- 
phers in order to aacertain correc^y the exact quantity of la- 
tent heat in steam. Among &e^erone of the latest and most 
nmple is that of Dr. Ure, of GUisgow. ,, His apparatus con- 
sisted of a small glass retort, with a short neck, inserted into 
a globular leceiver of the same material, made very thin, and 
about three inches in diameter. This globe was surrounded 
with a certain quantity of water, at a known temperature, in 
a glass basin. A quantity of water, or other liquid to be ex- 
amined, amounting to 200 grains, was put into the retort, and 
lapidly distilled into the globe, by the heat of an Argand lamp. 
The heat imparted by the condensation of the steam in the 
globe, to the water contained in the dish, by which it was 
surrounded, was indicated by a '^ry delicate tfaermoi 
kept constantly moving through it. By means of this a 
vance. Dr. Ure found the latent heat of the steam of water lo 
be 1000 d^ees. That of alcohol, of the sp, grav. 825, to 
be 457, and that of ether about 303. 

We have stated that the temperature of boiling water, and 
of steam, is 212 degrees, under the ordinary pressure of tho 
atmosphere. The cause of ebullition, or boiling, is the form- 
ation of vapor, or steam, at the bottom of the vessel, in con- 
sequence of the application of heal there. The steam being 
lighter than the water, or other fluid from which it is made, 
constantly ascends in bubbles, and Escapes from the sur&ce 
into the open air. The process of boiling, when conducted 
in a tall glass vessel, over an Argand lamp, may be minutely 
examine^ and is both interesting and instructive. 

It is found by experiment, that different fluids at the sur&ce 
of the earth boil at different temperatures, depending gene- 
rally on the specific gravity of the fluid, and also, th^ the 
same fluid boila at various temperatures, depending on the 
degrees of atmospheric pressure. Thus, under the same 

Eressure of the atmosphere, or on the level of the sea, water 
oils at 212 degrees. Ether at 100 degrees, alcohol 173 de- 
grees, nitric acid, of the specific gravis of 1450, at 240 de- 
grees, and water, saturated with sea salt, 216 degrees. 

We may observe, that in these instances, the boiling of s 

Ddalba ihs Kpininuus of Dr. Ure, w aicaulii iIh quuitv of caloiic to (Uun I 
Whuii'UD cannofebuUllioniirtiallui^l OplihiLtdDiatbgl»IIuigKni|iHMilnif IhiM 
imcnlL; dsiBTHi 1 Whj ig iho boUlni umip«iiMn oTwuer auunud wMi aill, hlalH 
MauUui of pun mHrl Whuta ■£] aiDuniiii( ilu InHatnct of vwUtD tnntfalt 
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Inid menoM to toMow a general law depending on ha specifis 
pavity. This is strictly the case in respect to the Iniling 
Doiat of fuiphuric acid, which always requires atempersturs 
for its ebullition in a direct proportion to its specific gravity. 
Thus, according to Dr. Datton, sulphuric acid sp. gr. 1,408* 
boiled at 240 degrees, while that of sp. gi. 1,670 boiled at 
^360 degrees; that of 1,780, at 435 degrees, and that of 1,850 
at 620 degrees. 

The boiling point of a fluid is not, however, in all case^ 
to be estimated by its specific gravity, the fixed oils requiring 
much higher teraperalures for their ebullition than oUier 
fluids of the same density. Thus, linseed oil boils al 640 de- 
grees, though its specific gravity is less than that of water, 
and mercury boils at about 660, though its specific gravity ia 
about 14 times that of water. 

That water, or any other fluid, will boil with a less degree 
of heat/in proportion as the weight of the almosphere is r«- 
movedjJmay be reanily proved by means of the air pump, ot 
by ascending up a rnmuitain, where the air is less dense than 
it is on the level of the sea. 

The most simple illustration of this subject, with the air 
pump, may be made by means of a small vessel of ether ; for 
if this be placed under the receiver, and the air exhausted, 
the fluid will boil, or turn to vapor, during ordinary tempera- 
tures of the almosphere. 

If a vessel of hot water, instead of the ether, be placed under 
the receiver, and the air withdrawn from it, the water will con- 
tinue to boil until its temperatures reduced down to 70 degrees.' 
Fig- 1. In tiiB absence of mi air pump, the saniB 

principle may be strikingly fllustrated as fol- 
lows. Adapt a good cork to the glass flask, 
■1 Fig, 1, so asto make itair tight; putagillor 
two of water into it, and apply the heat of a 
lamp until it boils. After it has boiled for a 
short time, introduce the cork, and at the 
same time lake the flask from the fire. It will 
continue to boil for a fnw minutes after its 
removal. When the ebidlition has ceased, 
it will boil again violemly on plunging the 
I flask into a jar of cold water, as seen in tha 
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%uie. On tabtng it out of the witter, the ebulliliffli wfll 
cease, but will instantly recommence if again plunged into 
the water, and this may be continued until the flask is neaily 

cold 

In tfais experiment, the boiling is continued in consequence 

of the paitial vacuum which is occasioned by the condensa- 
tion of the steam with which the flask was at first filled. 11 
(he flask be taken from the vessel of cold walei, and plunged 
into one of hot water, the boiling will instantly cease, because 
the heat will convert a portion of the water in the flask, which 
had been condensed, into steamr and thus the partial vacuum 
which had been formed will be filled with vapor, the pressure 
of which will prevent further ebullition. 

This principle is beautifully illustrated by the feet, that the 
higher we ascend from the surface of the earth, the lower will 
be the temperature at which water boils. The reason is ob- 
rious ; the pressure of the atmosphere djininishes in propor- 
tion to the ascent, and the boiling temicr-«ure sinks in pro- 
portion as the pressure is removed. 

Upon this principle is constructed the thermometerie barovtt- 
ter, which indicates ihe elevation of any place above the level 
of the sea, by the temperature at which water boils at that 
elevation. By experiment it has been found that a difierence 
in elevation, amounting to nearly 520 feet, makes a differ- 
enoe of. one' degree in the boiling point of water. A traveller 
therefore who ascends a high mountain may ascertain nearly 
his eleration, by the temperature at which he finds his tea- 
kettle to boil. Thus Saussure found that at a certain station 
on Mount Blanc, water boiled when heated to 187 degrees. 
This being 25 degrees less than its boiling point at the level 
of the sea, allowing 630 feet for every degree, would give an 
elevation of 13,000 feet. This metnod cannot however be 
very accurate, since the weight of the atmosphere at the same 
place varies at diflerent limes about three inches of the ba- 
rometric guage. [See Natural Philosophy, artieU Baromeler.] 

Evaporation. 

During Ihe process of ebullition, there is a rapid formation 

of vapor, atteni^ by more or Itss commotion in the liquid. 
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,^TaporeUon also connsta in the formation of vapor without 
beat] but the process is so slow as not to occasion any visible 
conunotion in the fluid.- Evaporation takes ^lace, even du- 
ring the coldest seasons, while ebullition requires various de- 
grees of heat, or at least the remoTal of atmospheric pres- 
sure. 

To prove that evaporation takes place at ordinary tempera- 
tures, nothing more is necessary than to expose a quaniily of 
water to the open ati in a shallow vessel, when the fluid will 
be found gradually to diminish, and finally to disappear en- 
rirely.l There is, however, a great difference in the rapidity 
with which different fluids evaporate, and in general it is found 
that those whose boiling points are lowest, disappear most 
rapidly. Thus, ether, and alcohol, evaporate much more 
rapidly than water. 

The chief circumstances which influence evaporation are, 
extent of sur&ce, and the state of the atmosphere in respect 



to temperature, moisture, and dryness. 

As evaporation takes place only from the surfaces of fluids, 
it is obvious that its rapidity must, under equal circumstances, 
be in proportion to tliis extent of sur&ce. Thus, a given 
quantity of water will evaporale four times as soon from a 
vessel two feel square, as il will from a vessel^f one foot 
square. In respect to temperature, it hardly ne^ lo be re- 
marked, thai fluids evaporate more rapidly in waVm,.thon in 
cold situations, and that the process is hastened in proportion 
to the degree of heat employed. 

Fluids evaporate much more rapidly in a dry. than in a 
damp atmosphere. Even when the season is cold, if the air 
be dry, this process goes on rapidly, while it is comparatively 
slow, during the warmest season, if the air is already satura- 
ted with moisture. 

(.As evaporation consists in the formation of vapor, and the 
subsequent removal of successive portions of the evaporating 
fluidgby the air which comes into contact with its surface, it 
is obvious tiiat the process must be more rapid in a current of 
air, than i( is in a place where the air is still. And hence we 
find by experience, that evaporation is more rapid in the open 
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air than in the house, and that under equal clrcnmstaneea 
, is most speedily effected during; a strong wind. 

We have already explained, that one of the Mculiar cii- 
cnmstances attending the formation of steam, u the laiga 
quantity of caloric which it absorbs, and carries away. Now 
it appears by experiment, that the conversion of fluids into 
vapor always requires large quantities of caloric, which be- 
comes latent in ihe vapor, however slowly the process is car- 
ried on, and hence under ordinary circumstances, evapara- 
tion, by conveying off the heat, has the effect of generating 
cold, ^o make this fact sensible by experiment, we hav* 
only to pour a little ethet on the hand, when a strong sensa 
tion of cold will be feh during its evaporation^ When on 
clothes are wet by a shower of rain, we feel cold for th&same 
reason, but the sensation is less strong, because the evapora- 
tion of water is not so rapid as that of ether. 

It has been explained that water boils at a lower tempera- 
ture in proportion as the pressure of the atmosphere is remo- 
ved. For the same reason, evaporation under equal circum- 
stances, is most rapid when the weight of the atmosphere is 
removed, as under the exhausted receiver of the air pump. 

The cooling effects produced by the evaporation of water 
in the open air are not strikingly apparent, because the pro- 
cess is comparatively slow, and therefore the quanti^ of ca- 
loric carried away from abody in any given time,*is but little 
more than it receives from surrounding objects. But whei 
water is placed in a vacuum, its evaporation is very rapid, 
and did not the vapor from it fill the vacuum, and tnus 
prevent &rther evaporation, the heat would be carried awa^ 
so rapidly as soon to turn the water to ice. 

'^^■2- This curious 

effect is produ- 
:ed by means 
of an instru- 
ment invented 
y Dr. Wollaston, and called the Cryopkorus, or Frost bearer. 
Fig. 2. It consists of two glass balls as free from air as pos- 
sible, and joined together by a glass tube. One of the ball* 
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cont&ins a poTtiofi of distilled water, while the other parts of 
the instmment, which appear empty, are full of aqueoiu 'ra-- 
poi, which prevents the &rther evaporation of the water by 
uie pressure the vapor exerts on it. But whea the empty 
ball is pluDged into a freezing mixture, dll the vapor within 
it is condensed ; and then the evaporation hecomes so rapid 
from the water in the other ball, as to freeze it in a few mi- 
nntes. To make this experiment succeed, the tube should be 
a yard long, the balls holding about a quart each. The same 
enect on water will be produced by the evaporation of ^er 
under the exhausted receiver of an air pump. 

This experiment may be conveniently made by niacin? a 
little water in a glass cup, and covering it with ether, after 
Fig. 3. which suspend the cup within the receiver of 
the air pump, as shown at Fig. 3. On exhaust- 
ing the receiver, the ether will boil, in conse- 
quence of its rapid evaporation, and in a few 
minutes the water will be frozen. 

Evaporation takes place constantly, from the 
surfaces of our bodies, and it is owing to this 
circumstance that men ar^ enabled to undergo 
exercise during the heat of summer. 

In general, themoreviolent the exercise, the 
greater is the quantity of perspiration arising 
from the auriace, and consequently the greater 
the quantity of heat carried away. In this 
mann(^r nature regulates the heat of the system, 
and during health sustains the equilibrium of animal tempe- 
rature. Whenever this exhalation from the skin is suppressed, 
which only results from disease, 'the temperature of the sys- 
tem rises, and fever succeeds. In some cases of this kind, 
the heat of the human body exceeds that of the standard oi 
health by seven or eight degrees. 

The natural temperature of the human body in health, is 
about 98 degrees, and whenever the heat of summer is equa' 
to that of the body, it becomes exceedingly oppressive. Th 
least exertion then brings on copious perspiration, which, in 
deed, prevents the immediate consequence of a higher am 
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ina] temperature, but which is gm^ally ancceeded by laa- 
guoi and debility. 

It is a wonderful &ct, that the living animal has the power 
of resisting both heat and cold, and of maintaining; its own ' 
temperature, whatever may be the temperature of tne air or 
water in which it ia immersed. Sir Joseph Banks, and Sir 
Charles Blagden, found by experiment Uiat they could en- 
dure for a short time the heat of a room, the temperature of 
which was 264 degrees, that is, 52 degrees hotter than boil- 
ing water. These gentlemen found ^at their hands, could 
not bear the heat of their watch-chains, or metallic buttons, 
but that their chests felt cold, and that the temperature of 
their bodies was not elevated above 98 degrees. In this 
room, eggs placed in a tia frame, were roasted in twenty 
minutes, and beef-steak was well cooked in about the same 
time 

Conductors of Calorie. 

Some bodies have the power of conducting caloric much 
more rapidly than others. Thus one can hardly hold a brass 
pin for a moment, in the flame of a lamp, without burning his 
fingers, while a piece of glass of the same size, may hav« 
one of its ends melted ' with heat, without warming the 
other. 

Bodies which are most dense are generally the best con- 
ductors. Thus the metals conduct better than stones ; stones 
better than earth ; earth better than wood ; and wood better 
than charcoal, cloth, or paper. But in particular cases there 
is no relation betn'een the density of the body, and its power 
to conduct caloric. Thus platina is the most dense of th« 
metals, and still it is oneof the worst conductors among them ; 
and glass is a worse ctmductor, than many substances of less 
than half its density. 

The conducting powers of djfierent substances, are ascer- 
tained by making rods of the same length and size, of each 
substance ; one end of which being coated with wax, ths 
other end is placed in a vessel of hot water, and the state of 
the wax on each, at the end of a given time, will show its 
comparative conducting power. 

I WhMioiUii 
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Solid salMbuices, audi az the metaU, conduct caloric in aU 
liiections, whether upwards, downwards, or tideways, with 
'nwrlj equal &cility. 

Of all solids, \thoBe which are most porousi conduct heat 
with the least &cility. It is on this account that flannel is 
warmer in the winter, than ailk or linen. It does not so 
readily conduct away the animal heat. It is owingf to tlra 
air, which loose spongy substances involve, that they resist 
the passage of heM better than those of a closer texture. — 
Thus eider down, and fur, make the warmest clothingjbe- 
cause they contain the most air among' their parts,^ and for the 
•ame reason cotton batting is much wanner than the same 
"weight of cotton cloth. 

The imf»erfecl conducting power of snow, also arises from 
this cause. When newly fellen, a great proportion of its bulk 
consists of the air which it contains, as may be readily proved 
by the comparatively small quantity of water it makes when 
melted. Such a provision was designed for the benefit of 
man, in preventing the destruction of various products of the 
oarlh during the cold of winter. Farmers, in cold climates, 
always lament the nakedness of the earth during the winter, 
because many 'of their crops are in consequence injured by 
its severity. So great is the protecting effect of snow, that 
in Siberia, it is said, when the temperature of the air has been 
70 degrees below the freezing pomt, that of the earth under 
the snow has seldom been colder than 32 degrees. 

Our ordinary sensations every day convince us of the dif- 
ferent powers of various substances to conduct heat. In the 
winter, the different articles in a cold r»m convey very dif- 
ferent sensations to the hand. A pairtof tongs will conduct 
away so much heat from the hand as to give a sensation of 
pain, while a piece of fur. or flannel, scarcely feels cold, and 
yet both are of the same temperature, when tested.by the 
thermometer. 

Liquids communicate heat with consitj^rable rapidity, 
though they conduct it so imperfectly thfdjbount Rumford, 
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aAer many experiments, concluded thai they were ftboolatdy 
non-conductors. 

Liquids convey heat chiefly by a change of place among; 
their particles. When a vessel of water is placed orer the 
fire, that portion of the fluid nearest the heat having imbibed 
a portion of caloric, becomes lighter than before, and risea 
upward, communicating a part of its heat to the portions 
above. At the same time, that which is above sinks to the 
bottom of the vessel, and having obtained its portion of calo- 
ric, arain rises, giving out a share to the surrounding fluid, 
like iSe former. In this manner does the water in the differ- 
ent parts of the vessel exchange places until the whole gains 
the temperature of 212 degrees. 

But though fluids convey heat chiefly by exchanging the 
places of their particles, yet they are not wholly without the 
power of conducting il in any direction. 

Count Rumford, we have already staled, decided from his 
experiments that liquids were perfect non-conductors of heat; 
but Dr. Murray, and since him, other experimenters, have es- 
tablished the contrary doctrine. Dr. Murray's apparatus 
consisted of a vessel of ice, at the bottom of which was pla- 
ced a delicate thermometer. The vessel was then partly filled 
with oil, at the temperature of 32 degrees, so as to cover the 
bulb of the thermometer; and nearly touching the oil, was 
suspended an iron cup, into which was poured a quantity of 
bailing water. In seven and a half minutes the heal from the 
water had raised the thermometer from 32 degrees to 37^ 
degrees, when it became stationary, and then gradually be- 
gan to fall. * 

Dr, Hope placed water in a vessel of eleven inches in dia- 
meter, and so contrived his apparatus, that a stream of cold 
water should circulate around this vessel, to prevent its con- 
ducting powv from aSecting the result. He then applied 
heat to the upper surface of the water in the vessel, and found 
by the indications of a thermometer placed in it, that the f{uid 
conducted the c^ric downwards. 

By such nice experiments only, has it been ascertained, 
that fluids conduct heat downwards; while under all ordi- 
nary circumstances, they may be considered perfect non- 
conductors. 
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JSipffljMJoe Power of Heat. 

One of the most remarkable properties of heat arises from 
(he mutual repulsion of ita particles, so that when it enters 
into other substances, it overcomes the cohesire attraction of 
their parts, makinwlhem less dense than before, and thus en- 
larging: their dimensions. In general terms, therefore, heat 
expands all bodies. The ratio of this expansion, however, 
differs greatly in different substances. Thus, with the same 
increments of heat, fluids expand more than solids, and aeri 
form bodies more than fluids. There is also a. considerable 
difference in the expansibility of different solids and different 
liquids ; but the aeriform fluids, as air and the gases, all ex- 
pand equally, with the same increase of temperature. 

The expansion of a solid is readily proved, by adapting a 

tiece of metal, when cold, to an orifice, or notcn, and then 
eating it, when it will be found too large for its former place. 
;. The cylindrical piece ofbrass, attachea 

1 to the handle a, fig, 4, is exactly fitted 
J to the notch in the plate b, and also to 
(he aperture through the plate, so that it 
wilt enter <he notch, and pass through 
the aperture, when cold ; but when heat- 
ed, even below redness, it will neither 
enter the notch, nor pass through the 
aperture. This proves that heat enlar- 
ges, or expands the dimensions of solids 

in every direction. 

The relative degrees of expansion 
which different solids undergo, at low de- 
grees of heat, are shown by an mstru- 
It called the pj/Tometer, one form of which is seen at Fig. 6. 
A rod of any 
netal,a,i3 laid 
m the rests. 
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ia then heated by tlie spirit lamps d, and Its comparatire «!• 
paosion is shown by the multiplied motion of die index e, 
along the graduated scale. 

In comparuig diSerent substances by means of this instru- 
ment, it will M necessary that all the rods should be of tb9 
same size and length, and that the heat of the lamps should 
be applied the same length of time. 

From experiments made with this instrument, it appears, 
that in most instances, there is a relation between the ezpan 
sion of the metab, and their fusibility, and in general, that 
those which are most easily flisible, expand most with equal 
increments of heat Thus lead, tin, and zinc, expand mnch 
more by the same degrees of heat, than copper, silver, and 
iron, and the former are much more easily fusible than the 
latter. 

The expansion of the m«4als by heat, is often turned to ad- 
vantage by certainf^mechanics and artizans/in their business. 
In constructing large cisterns for brewer^or other manttfiic- 
turers, the hoops are made too small for the circumference 
of the vessel. They are then heated, and in this stale driven 
on the vessel, and as they contract in cooling, the vessel is 
thus bound tocher more firmly than could be done by any 
other means, jfcarri age-makers, by heating the iron band, or 
tire, which surrounds the wheels of carriages, and putting it 
in its place ivhile hot, bipd these parts together, with the 
greatest possible firmness. 4 

^he great force with-*hich metals contract on cooling, 
was strikingly illustrated some years since in Paris. The 
two sides of a large building in that city, having been pressed 
out by the weight of its contents and the roof, M. Molard pro- 
posed to remedy the evil, by making several holes in the two 
walls, opposite to each other, throu^ which, strong iron bars 
should be introduced, so as to cross the inside of the build- 
ing, from one \vall lo the other. On the projecting ends of 
the bars, on the outside of the building, were screwed strong 
pUtea of iron. The bars were then heated, by which their 
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ends were made to project farther beyond the vnSa, thus per- 
mitting the plates to be adranced, until they usin toucoed 
. the walls, which might be an inch, or more. The bars, then, 
(HI cooling, contract^], and drew the walla as much nearer 
each other as the bars expanded in heating. There were 
two sets of these bars, so that, while one set was contractiDg 
and "drawing the wall to its place, the other set was heating, 
and prepaiimg to retain what was thus gained. In this man- 
ner, a force was exerted, which the power of man could 
scarcely hare |pplied by any other means, and by which (he 
walls of an immensa builtung were made to resume their 
pe^ndicular poaitioiy 

The expajuton of aiiquid by heal, may be strildnglv shown 
^ means of a glass ball, with a long small tube attached to it. 
When the ball, and a part of the neck, are filled with a liquid, 
and heat applied to the ball, the liquid expands, and continues 
(o rise up the tube with considerable rapidity, until the liquid 
boils, when it will be thrown out with great force by the 

The difierent expansibilities of difieient fluids by the same 
increase of heat may be shown by two such ressels as that 
tust deBcribed. 
Fig. 6. On the tube of each, fix a mark at the same 
height and fill one up to the mark with alcohol, and 
the other with water. Then plunge the bulbs of 
both into the same vessel of boiling hot water, thus 
making the heat applied to each, exactly equal- 
Both the fluids will expand, and rise up the tubes, 
t\ but the alcohol will be found to rise about twice 
as high as the water. 

It has already been remarked, that the ratio of 
J expansion in all aeriform fluids, is equal, with 
[f' ~i equal increments of heat 

• ^ ^ If therefore, the ratio of expansion for one ga^ 
as for instance, oxygen, be known, then the ratio for all the 
other gases, as well as that for the common air, which we 
breathe, will be indicated. 

From the expeiunents of sereral philosophers, it is proved, 
that this rate of expansion is equal to the -rfvth part of the 
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volume which the gas occupied, fot every degree of Fahri" 
heit's scale, at 32^^ and upwards. This calculation is madit.' 
flrom the eiperimeDts of Gay Lnasac, who found thai 100 
parts, or volumes of air, at 32°, expanded to 137.5 parts, 
whenheatedto 212°. The increase of bulk for 180 degrees, 
that is, from the freezing to the boiling point, ia thet^te 
37^, which, by calculation, will he found nearly -rirtlr part 
for each degree. 

The expansion of air by heat may readily be shown by 
blowing up a bladder, and securing the mouLh by a string, so 
tu^. «„,.n ,.^u escape, and then holding it towards the fire. 
becomes rarefied by the heat, the bladder will be- 
■ore tense, until it bursts with an explosive 

A more elegant experiment is, to take a 
glass tube, terminated by a bulb, and put ia 
BO much water as to about half £11 the tube, 
and then, having immersed it in a vessel ol 
water, as represented in Fig. 7, apply the 
heat of a lamp to the bulb. As the beat 
rarefies the air in the bulb, the water wilt 
be forced down the tube, hut will slowly 
rise again to its former place, by the pres- 
sure of the atmosphere on the fluid, when 
the hfHt is removed, and the air in the ball 
allowed to contract. 

Radiation of Heat. 
When we approach a heated body we become sensible that 
it emits caloric vrithout touching it, and if a thermometer be 
carried near, this will indicate an increase of temperature. — 
The calorie thus flowing from a heated bodjjis called radiant 
caloric, because it radiates, or is thrown off in all directiona, 
like the rays of light from a radiant point. If the hand be held 
tinder the h.iated body, a sensation of warmth will still be 
perceived, which proves that this effect i' produced without 
the intervention of a stream of healed air, which is felt only 
above the hot body, *nd never below it. Neither is this 
effect produced by the gradual conduction of the caloric 
by the w. for the heat from a hot ball may be felt in the 

Whu la ih^dlflbnnca in the bnlk <a 100 pani oT alrnt the frHiinf uid Mling potat* 
flfwiurt WhMilinpleaipnrlnignuduwilueipaHknf^airbThMtl-^xpliliiFIa 
T. WhutoDuuitbrndluobatl Bow lg II prond thtt ndiuU iMoi l> not cooducud 
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open air, at a distance from it and in ihe direction contrary to 
Inal of the wind. (.It is found also, that caloric radiates equal- 
ly well through all the gases, and better through a vacuum 
than any Tnedium;)and hence we may infer that no medium 
at all is necessary for the passage of ladiant caloric. 

When radiant caloric falls upon a solid or liquid, its rays 
are either reflected from it, and thus receive a new direction, 
or they lose their radiant form entirely by absorption into the 
body. Thus, a substance highly polished will throw the heat 
back, towards t^e radiating body, and remain cold itselfj while 
another substance, with a rough surfece, will become warm at 
the same distance, because it absorbs, but does not reflect the 
heat. Radiant heat, and light, follow ej-aetly the same laws 
in their passage to and from polished surfeces, the angles of 
incidence and reflection being equal. 

Fig. 8. a Thus the ray a, c. Fig. 6, is the ray of inci- 
dence, and c, (i. is the ray of reflection. The 
which a c make with the perpendicular 
line e q, and the plane of the mirror, are exact- 
ly equal to those made by c, d, with the same 
^^perpendicular, and plane suiflice. {See Optics 
■ I Nat, Philosophy.) Hence with a concave 
lirror, the rays of heal, like those of light, 
lay be concentrated, or collected to a focus, 
id by means of two such mirrors, very inter- 
esting expefiments may be made, illustrating the 
laws of radiant heat, in several respects. 

Provide a pair of concave metallic mirrors, about ten or 
■twelve inches in diameter, and two in concavity. They may 
be made of common tinned iron, or of brass, which is better, 
but much more expensive. 

fig. 9, - , These mir- 

rors may be 
supported by 
stands made 




Place the minors at the same height, on a bench or (able 
exactly facing each other, and ftom ten to twenty feet apart 
aa they are less or more perfect, and place a screen of paper 
or other substance between them. Tnen in the focus of one 
mirror place a cannon ball, healed a little below redness, and 
m the other focus place a thermometer. When every thing 
is thus prepared, remove the screen, and the thermometer 
will instantly beo^in to rise, and will finally indicate a degree 
of temperature depending on the size and perfection of the 
minors, iheir distance apart, and the heat otjhe ball. The 
focus of a twelve inch mirror of the ordinary shape, ia about 
four and a half inches distant from the centre of concavity. 

By placing the mirrors near each other, and using a red 
hot ball, a much more striking experiment may be made, for 
on removing the screen, powder will flash in the focus as if by 
magic, since the eye cannot delect (he cause on which its 
inflammation depends. 

The dotted lines in the drawing, Fie-. 9, show ihe course 
of the rays of beat from the hoi ball to the tbermomeler. 
The ball being placed in the focus of the mirror, the caloric 
radiates lo all parts of ifs surface, and being reflected under 
the same angles at which it falls, the rays are thrown into pa- 
rallel lines, and thus become incident rays to the second mir^ 
ror. By ihe same law of incident and reflection, the se- 
cond mirror conveys the rays lo a focus at the same distance 
before it, ihal the hoi ball is placed before the first mirror, 
because iheir focal distances are just equal. The heat oi 
the ball is therefore conc^miiaied on the bulb of the ther- 
mometer, whi«h Is placed in the focus of this mirror, if a 
burning lamp be placed in the focus of the first mirror, and 
a piece of paper, or the hand, in the focus of the second, 
there will be seen a bright luminous spot on ibe paper or 
hand, showing that light follows the same laws of reflection 
that heat does. 

There is however a remarkable difference between the sub- 
stances of which mirrors are commonly made, with respect 
to their powers of reflecting beatand light. A concave glass 
mirror, covered in the itsual manner with amalgam, when 
placed before a red hotcannon ball, will reflect the light, 

Don hBt ndiu Ihm^ nlid bodisit EiplBin Fig, .8, mi Bhon ithldi )■ Ih* 
nf of Incldenu ud Irbkh lial of nOecUon. Eiplalu ^g, 9 ; ehon iIh dinclkn tt 
Ihe n;i of hgu fiom llu hsucd ball u ihs mimi^ and from Ihc mirror lo Iha llwt- 
iBiHuier. Bow I* it •)»«■ br iha ainn liai heal imd ligbt Ibnow ibe hum Ima 
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bat not the heal, the mii7or itself absorbing the radisnl ca- 
oric, and soon growing warm. But awell polished metallic 
mirror reflects both the heat and light, and although held so 
near an ignited body, as were it combustible, to be inflamed, 
It still remains cold. For the same reason, andirons, which 
are kept highly polished, will remain cold though near s 
winter's fire. Any one who has undertaken to boil water in a 
silver cup before the (ire, will be convinced of the power of a 
bright metallic surface lo resist the penetration of caloric. 

The nature or colours of the surfaces of bodies have also 
an important influence over their power of radiating caloric. 
When other circumstances are equal, the rate at which 
bodies coot appears to be in an inverse ratio to the poHeh, 
or brightness of their surfaces. Thus, the surfaces of bodies 
ale found to radiate heat more rapidly when they are rough 
than when smooth, and most rapidly when their surfaces are 
both rough and dark coloured. 

Mr. Leslie covered one side of a cubical tin vessel with 
lamp black, anoihep side with writing paper, a third with 
glass, and left the fourth uncovered. 

The vessel was then filled with hot water, and placed 
' " " I the focus of which was placed 

an air ihermomeler, as repre- 
sented bv Fig. 10. On turning 
the black side towards (he re- 
flector, the fluid in the iher- 
I mometer indicated a rise of 
I temperature equal to 100°: 
papered side bt'ing turned 
»rQs the re (lector, the 
fhermometer sunk to 98° ; 
the glass side indicated 90° ; 
Lod the metallic side only 
12°. The radiating power 
of these surfaces, therefore, 
are respectively lo each other as the numbers 100, 98, 90, 
and 12. 



Fig. 10. 
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■ Various practical uses may be made of this principle tn 
the conunon concerns of life. 

A close stove, intended to warm a room by radiating its 
heat to the objects surrounding it, should be dark coloured. 
with a rough surface; while one intended to warm with hoi 
air passing through it, should have a bright metallic sar&ce 
A dark, rough stove pipe, passing through a room, might ren- 
der it comfortably wsirm; while a polished tin pipe, of the 
same length and dimensions, would hardly change its tem- 
perature perceptibly. For the same reason, a highly polish- 
ed metallic coffee pot will keep its contents hot, while the 
contenls of one made of dark earthen ware would become 
nearly cold. 



Specific Calorie. 

Equal weights of the same substance, at the same tempe- 
rature, contain equal quantities of caloric; but equal weights 
of different substances at the same temperature, contain un- 
equal quantities of caloric. '!phe quantity peculiar to each 
body, or substance, is called specific caloric. When one 
body of the same weight is found to contain more caloric 
than anotlier,Vhat containing the most, is said to possess the 
greatest capacity for caloric. 

When equal quantities of the same fluid at different tem- 
perntures are mingled together, the resulting temperature is 
a medium between these temperatures. Thus, il a quart o( 
water at 100°, be mixftd with another quart of water at 40°, 
the temperature of the mixture will be 70°. The same re- 
sult will occur when any other liquid is mixed in equal propor- 
tions, but at difTerent temperatures, as oil, alcohol, or mer- 
cury. But when equal quantities of different fluids are min- 
gled together, at different temperatures, the resulting tem- 
perature is not a medium, but is either above or below it. 

We should expect without experiment, that quicksilver 
would possess a greater capacity for caloric than the same 
bulk of water, and therefore that when equal quantities of 
these two fluids at different temperatures are mixed, the 

What praulcd ina maj In made on [he piinciplai nuUldied hj Mr, Lerile'i apt. 
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resalting temperature would be above the arithmetical mean. 
But in this we are disappointed ; for if we mix a quart of 
water at 40° with a quart of quicksilver at 100*^, the lempe- 
lature of the mixture will not be 70°, as in the experiment 
with the water aione, but only 60°. This proves that a 
quart of quicksilver, alibough it weighs about fourteen limes 
as much as a quart of water, still contains less caloric, and 
therefore that water has a greater capacity for caloric than 
quicksilver. For, in the first experiment, a quart of water 
at 100° raised the temperature of another quart at 40° to 
70°; but here a quart of quicksilver at 100° raises the heat 
of the same bulk of water to only 60°. The quicksUver, then, 
loses 40°, which nevertheless raises the temperature of the 
water only 20°, - 

The relative capacities of water and quicksilver for heat, 
may be showni^by mixing equal weights of the two fluids at 
different temperatures, and then ascertaining how much ihc 
resulting temperature differs from the arithmetical mean,*^ 

Mix a poimd of water at 100° with the same weight of mer- 
cury at 40° and the heat of the mixture will be 98°;) that is, 
28° above the arithmetical mean, because wheh equal 
weights of water were mixed at these temperatures, the re- 
sulting temperature ivas only 70° ; but here it is 98. The 
water, then, hds lost only 2°, while the same weight of mer- 
cury has gained 58°, for the temperature of the mercury be- 
fore the mixture was only 40°, while that of the water wai 
100°. The capacity of water for heat, is therefore to th» 
capacity of mercury for the same, in the proportion of 58 to 
2, ortes29 to 1.; 

It appears from a great variety of experiments made by 
different philosophers on this curious subject, that whatever 
may be tne cause of the different capacities of bodies for 
heal, the effect is greatly influenced by the state of density in 
which bodies exist, and that in general their capacities in- 
crease, in a ratio to the decrease of their specific gravities. 
In the above experiment, the capacity of water is to mercury 
as 29 to I, while their specific gravities are as I to 14. 

Various methods have been employed by philosophers to 
ascertain the capacities of the several gases for heat 
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To detemtine and compare the relative capacities of dieae 
bodies in this respect, Gay Lussac contiired an appaiatn^ hy 
means of which, a hot cuiient of one gas met a cold coirait 
of another gas. in the centre of a EiinalT Teserroir, contaiaing 
a theimomeleT!\ A thermometer n';i.s also placed in the cur- 
rent of each gas before they met. Thus tiy knowing their 
tempeiatures before their mixture, and afterwards, it waa easy 
to infv their respective capacities for caloric. 

Bernard, in order to determine tlie specific caloric of etas- 
tic fluids^Ccaused them to pass l}ir<iugn a pipe inclosed in a> 
larger pipe, the latter being constuinly fllkd with steani la 
this manner he was enahled to knoiv precisely the terapeiatuie 
of the gas uader experiment, and also to raise the tempera- 
ture of each to the same degree. Having thus determined 
its temperature, the gas was then made to pass into a spiral 
tube immersed in cold water, and die specific caloric of each 
gas was inferred by the quanlity «( heat it imparted to the 
water. By these and similar exp'.>riments, it has been aacer- 
tained that the aeriform fluids difll^ greatly in the quantitiea 
of their specific caloric, — thus, the capacity of hydrogen for 
caloric is more than 12 times greater than the capacity of an 
equalbulkof atmospheric air, though the air weighs about 13 
times as much as me hydrogen, ll is also ascertained that 
out of nine gases on which experiments were'made, none ex- 
ceptyhydrogeA has a capacity for ht-al equal to that of water, 
~ but Uiat they all have greater ca|;nl^i(ies than any of the me- 
tals. Hydrogen, the Ughtest ol all bodies, has the greatest 
capacity for heat, while the metals, the most ponderous of all 
bodies, have the leasL 

The same substance by having its bulk enlarged, and con- 
^uently its density decreased, acquires an increased capa- 
dty for caloric. Thus water, nhon thrown on the bulb of a 
thermometer, sinks the meTcur^^ lecause, in assuming the 
form of vapour, its capacity for caloric is increased, and it 
consequently absorbs and carries away the heat from the mer- 
cury. Some philosophers have accounted in part, (for the 
intense cold in the upper regions of the atmosphere, on tbo 
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iOppoutHKi of the increased capacity of the air for heat m 
the prewure of the incumbent aimo^here is remoTed] On 
the contrary, we know, thai by increaeing the density of air, 
its capEwity for caloric is diminished, and that under certain 
circnmstances sufficient heat may be set free in this manner 
to produce ignition. 

Fig. 1 1. This effect may be produced by the little inslru* 
g% ment represented by Fig. II. It consists of a metallic 
tube ten, or twelve inches long, the bore of which is 
less than half an inch in diameter. To this is fitted 
a rod and piston, moving air tight, the lower end of 
the piston being excavated to receive a little tjnder. 
When the pi«on is suddenly forced down, nearly to 
the bottom of the lube, the condensation of the air il 
contains, evolves so much beat, as to set fire to the 
tinder in the end of the piston, and in this way a fire 
may conveniently be kindled. 

TUeriaovieteT. 

The Ihermometer ia an instrument foundeifon the principle, 
that the expansion of matter is proportional to the augmen- 
tation of temperature, and is desig^ied lo measure the varia 
tipns of heat ajid cold.^ 

The first attempt to measure such variations on this prin- 
ciple was made by Sanctorius, an Italian physician, in the 
SBventcenth century> He employed a glass tube blown into a. 
ball at one extremity, and open at the other. After expelling 



small part of the air by beating the bail, the open end v 

t lunged into a vessel of colored fiuid. and as the air in the 
ill cooled, the fluid ascended up the tube. Any variation of 
'«mperature by expanding, or contracling ihe air in the bail, 
would then cause the liquid in the tube to rise or fall. An 
arrangement of this kind is represented at Pig. 7 
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Tig. 12. A better conslruction for an air thermometer is 
_ represented at Fig 12. Il consists of a thin glass hot* 
tie, containing a small quantity of a colored liquid, and 
Slopped closely by a cork. Through the cork is passed 
a broken thermometer tube, open al both ends. This 
tube descends nearly to the bottom of the bottle, and 
dips into the fluid. There is, therefore, a quantity of 
air above the fluid which cannot escape, and when this 
expands by the application of heat, the fluid is forced 
up the tube. Thus the height of the fluid will indicate 
^ the expansion of the air, and consequently, the degree 
" of heat to which the instrument is exposed. 
There are, however, two objections to the employment of 
air for this purpose. Jls expansions and contractions are so 
great even by small changes of temperature, that a tube, se- 
veral feet in length would be required to measure them^ and 
as air suffers condensation by pressure, the variation of the 
barometer would affect its height, at the same temperature. 

For these reasons, the air thermometer, for common pur- 
poses, is both inconvenient and inaccurate, and therefore has 
long since been laid aside. There is, however, a modifica- 
tion of this instrument, invented by Mr. Leslie, and caJled 
the differential thermometer, which for certain purposes is a 
very elegant and useful instrument. 

Pig. 13. A drawing of this instrument is represented by 
Fig. 1 3, and it is designed, as its name imports, to 
shew the difference of temperature between two 
places al short distances from each other. It con- 
>. sists of a glass tube terminated al each end by a 
' bulb, and ^nt as shown in the figure. The tube , 
is partly filled with some colored fluid, as sulphu- 
ric acid, tinged with carmine, or alcohol, colored 
by cochineal, the bulbs and other parts of thetube 
being filled with air, 

Il will be obvious, from the construction of this 
instrument, that il cannot indicate the temperature 
of the atmosphere, since an equal expansion of 
the air in both bulbs would press equally on the 
fluid in both tegs of the tut«, and consequent^ 
' it would rise in neither. But if one bulb is ex- 
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. poaod to a hij^r tempenUure Ihtta the othet, then the «x- 
pulsion of the air in this, will be greater than in the other, 
•sd conse^iueiitly the fluid will riee towards the bulb whon 
the air is least expanded 

The use of this thermometer, then, consists in showing the 
difierence of temperature to which the two bulbs aie exposed, 
as in experiments on the radiation of heat, already described. 
The scale affixed to one of the legs, shows the rise in degree^ 
and is divided into 100 parts. The legs are six inches long 
and the bulbs an inch or a little more in diameter. The 
stand may be of glass or wood. Some of these instruments 
are so delicate as to be affected by the approach of the hand. 

Air, being inapplicable to the construction of thermometeis 
for the purpose, of measuring the absolute temperature of 
places or thmg^forthe reasons already noticed, solid bodies 
. are equally so from a contrary defect^ (iheir expansion by 
heat being so small as not to be appreciated without the 
adaptation of complicated machinery.*^ A perfect substance 
foi this purpose, fcould be a fluid, >-nich would e.xpand uni- 
formly with equal increments of heal, and which would nei- 
ther freeze nor boil at any temperature to which it might be 
exposed 'Mercury) approaches nearer to these conditions 
than any other substance", and therefore this is the fluid now 
almost universally employed. 

The blowing of the best ihermomeier lubes requires much 
experience and skill in the workmen, and is performed only 
by particular artists. This is the most difhcuh part of JU 
construction. The mercury is introduced by heating the 
bulb, and thus rarefying the air within it, and then dipping 
the open end of the tube into a vessel of the fluid. As tne air 
contracts within by cooling, the pressure of the external at- 
mosphere forces the mercury to enter the tube to supply its 
place. When the bulb is nearly filled in this way, the mer- 
cury is boiled, to expel the air. 

Having filled about one third of the lube, the open end is 
sealed hernietically, that is, by melting the glass. This is 
done while the mercury in the bulb is heated nearly to its 
boiling point, so as to exclude all the air. 

Having seded the end of the tube, the next step in the 

• VlhJ Rill IKK ihe dllTerencial Ibeimoineur indiou itie umpenlure o( Uw niDOK- 
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construction of the thermometer, is its gradtialion. This » 
done by ascertaining two lixed and invariable points on the 
tube, which aie the same in every thermometei, and then by 
making a. scale of equal divisions between these two points. 
These are the freezing and boiling points. 

The freezing point is found by immersing (he bulb of 
the thermometer m melting snow or ice, for it has been as- 
certained, that the temperature of water flowing from melting 
snow or ice, ia every where the same,' whatever may be the 
heat of the atmosphere where the experiment is made. The 
boiling point is ahghtly affected by the pressure of the atmos- 
phere ; but the thermometer will be sufficiently accurate for 
all ordinary purposes, when this point is ascertained by im- 
mersing the bulb in pure boiling water, open to the air, and 
on the level of the sea. during pleasant weather. {See Ba- 
rometer, in Nat. Philosophy.) 
Fig. 14. Thefreezingandboilingpointsare marked with 
^^ a diamond or file, on the tube ; and on the scale to 
be afterwards affixed, (he freezing point, ia marked 
32, and the boiling point, 212. The interval be- 
tween these two points is lh,en accurately divided in- 
to 1 80 equal parts. ■ This is the division of Fahren- 
' 'a scale, the thermopleter generally employed 
lis country, and is the only scale referred to in 
this work. 

The commencement of this scale is 32 degrees 
below the freezing point, and is called zero, being 
marked with the cipher 0, to signify the total ab- 
sence of heat. This degree of cold, it is sup 
posed, Fahrenheit oblainM by mixing snow and 
non salt, and it was probably the greatest de- 
of cold known in his lime, t'hough at the pre- 
it day certain mixtures produce much greater, 



even the air we breathe, 'I'he absolute zero must 
therefore be considered an imaginary point. 

Besides the Zero and the freezing and boiling 
points, marked on Fahrenheit's scale. Fig, 14, 
there are also noled (he lemperatnre of the blood, 
and the beat of summer, and sometimes othei 
points, as fever heal, &c. 
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Cold. 

COold 18 A neeadve condition, and depends on the ftbseoce^ 
OT privation of neat^ Intense artificial cold may be produced 

fby the rapid absorption of heat during ihe conversion of 
solids into liquids^ Or. Bl&ck long si.ice discovered the 
principle, that when bodies pass from a denser to a rarer state, 
heat is absorbed and becomes latent in the body so transform- 
ed, and consequently; cold is produced/ And also that when 
bodies pass from n rarer to a denser state, their latent heat is 
evolve^ and becomes sensible. 

^t is known to almost every one, that dissolving common 
salt in water, particularly if the salt is iine, will render the 
water so cold, even in summer, as to be painful to the hand.i 

/The salt, as it passes fromthe solid lo the liquid stale, absorbs 

, caloric from the water, and thus the heat that was before sen- 
sible, becomes latent, and cold is produced. 

On the contrary, when a piece of lead or iron, is beaten 
smartly with a hammer, it becomes hot,^'because the metal, in 
consequence of the hammering, has its capacity for caloric 
reduced, and thus the heat which was before latent, now be- 
comes sensible. For the same reason, when air is compress- 
ed forcibly in a tube, or as it is sometimes called, in a firt- 
pump, as already explained, the heat, which was before latent, 
becomes sensible, because the condensation lessens its capa- 
city for caloric. 

The principle on which all freezing miilures act; is there- 
fore the change of state, which one or more of the articles 
employed undergo, during the proces3,^and this change con- 
sists in an enlarged capacity for caloric.' The degree of cold 
will then ^depend on the quantity of caloric which passes 
from a free to a latent state, and this again will depend on 

,lhe quantity of substance liquefied, and the rapidity of the 
lique&ction.f 
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The aubatances most commonly employed for thia purpow 
.Are those originally used by Pahrenheil, to produce the zero 
of hifl iheniMHnetric scale; viz. common sail and snow, or 
poanded ice. For this purpose the salt should be line, and 
ute ice, which must always be used in summer, is to be re- 
duced to small particles in a cold mortar. 

J^^. 15. The vessel to contain the substance to be 

: frozen, may be made of tin, and of (he shape 
repreaenled by Fig. 15. It is simply a tall ves- 
sel, holding a few pints, with a close cover, and 
a rim round the lop, for the convenience of 
handling it. For common purposes, this may 
be set into, any convenient wooden vessel, (hav- 
ing first introduced the substance to be frozen,) 
and then surrounded by the freezing mixture. 
The only care to be taken in this part of the. 
process is, to see that the freezing mixture in 
side vessel reaches as high 



tents of the internal one. With two or three poujds of fine 
common salt, and double this weight of pounded ice, three or 
four pints of iced cream may be made in (his way, during the 
warmest days of summer. The process requires two or 
three hours, and while it is going on, the vessel should be set 
in a cellar, or covered with a flannel cloth, as a bad conductor 
of the external heaf. 

When the thermometer is at 32", the cold generated by 
the above process,' sinks it down to zero, as above stated. By 
this method, two solids are changed into liquids, and bo(h du- 
ring the change, absorb caloric from the contents of the inner 
vessel. The salt melts the ice in consequence of the avidity 
with which it imbibes moisture, or by reason of its affinity to 
water, and (he water in its turn dissolves the salt. 

Other substances having a stronger affinity (see affinity) 
for water than common salt, will produce the same effects 
still more powerfully. Thus, muriate of lime (see thia article) 
five parta, and ice four parts, will sink the thermometer from 
32° to 40° below zero, that is, in the whole, 72 degrees. At 
diis temperature, mercury freezes. A still more effective 
mixture is four parts of fused potash, and three parts of snow. 



M cranmnd^ ued ■afivnln^mlitanfll ExpMs 
Id. How tiir Mow 32 ihgnn wlU s mHom oT la 

(inb ite ibennoaiMai fron 3} ID W OafTMa btiow mal 



oflb^Google 



BOURCBS or C&LOBIC. 4t 

Tim is Bsid to sink the mercury from 32° to SO* below zero, 
that is, 82 degrees. In diese experiments the thermometers 
■re filled with alcohol, i^tead of mercury. 

Freezing mixiuies are also made of a solid and a fluid. 
One of the most effectual of this kind is composed of diluted 
sulphuric acid and snow, or pounded ice. This sinks the 
mercury from 32° to 23° below zero. 

Though ice or snow is commonly employed for this pur- 
pose, still powerful frigioric effects may be produced without 
either, the absorption of caloric being caused by the rapid 
solution of a salt in a fluid. ■ One of the most c 



cheap among these is a mixture of sulphate of soda or Glau- 
ber's ash, and diluted sulphuric acid. This sinks the mer- 
cury from 50° to 3° above the freezing point, that is 47°. 

In describing experiments of this kind, it should always be 
noted from what point the thermometer begins to descend, 
fotherwise no judgmeni of the power of the freezing mixture 
can be formed^ If, for instance, a mi.iture would cause the 
depression of the thermometer from, and below any given 
point, then by repeating the process continually, we should 
be able to find the absolute zero. Thus, by means of muriate 
of lime and snow, the thermomeler is made to sink 82°, that 
is, from 32° abo^ to 50° below zero. Now if the same 
cause would again pftiduce the same effect, by its re-appU- 
cation, the thermometer would sink to 132° below zero, a 
degree of cold never yet produced by any. means. But an 
^imlimited degree of cold can never be produced by the art of 
"man; for it is found on experiment, 'that when the tempera- 
ture produced by the freezing mixture is greatly below that 
of the air, the caloric is so rapidly communicated, as to pre- 
Tent any effect by repeating the process. Mr. Walker, who 
made a great number of experiments on this subject, was 
never able to produce a greater degree of cold than that of 
100° below the zero of Fahrenheit. 

Sourets of Caloric. 
The sources of caloric may be reduced to six, viz. The 
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« sovsGBB or CALomiC. 

Smu, Combostion, Electricit;, the bodies of living warn 
btooded animals, Chemical action, md Mechanical action. 

The ^un constantly radiates calbric to the earth, and u 
the great fountain of beat to us and to the whole aolai 
Sjrstem. 

Combuition. This .suppli;pa the heat employed in the arts, 
and for culinary purposes, /in this process the caloric is ex- ^ 
tricBted ftom the oxygen of the almoaphere, as it unites with 
the burning body and supports its combustion.' The light is 
supposed to be furnished by the burning body, 

ElectTicilp. (.Whenever two bodies in opposite electrical 
states are made to approach each other^ so as to produce a 
discharge through the air, or along a nonconductor, there 
appears a dash of ligbt attended by heat. By the acljoit of 
Galranism, which is a modification of electricity, the most 
intense heat hitherto known has beeu produced. I 

When the electric fluid posses through a piece of metal, or ' 

other conductor, of sufficient size, no phenomena are produ- 
ced ; but in its passage through a noncoitduclor, or through a 
conductor which is too small to admit nf a free passage, heat 
is produced. (See EUctricity. in Nat. PkUoscpky.) 

Vital action. The bodies of air breathing animals are a 
continual source of heal. The numer« theories which 
have been invented to account for ihd cause of animal heaj 
cannot here be investigated. That it however depends on 
the oxygen of the atmosphere which we breathe, seems to be ^^ 
proved by the fact, that animal warmth cannot for any length ^^B 
of time be sustained without it. ' ^^^ 

Chemical actioTi. Chemical action without combustion is 
capable of producing considerable degrees of heat. If water 
be thrown on unslacked quicklime, in small quantities at a 
time, its heat will be gradually augmented to nearly 1000 
deg., or so as to ignite wood. The heat in this experiment 
is accounted for, on the law already explained, that when 
bodies pass from a rarer to a denser state, caloric is evolved. 
The slacking lime absorbs the water and retains it as a pari 
of its substance, and thus a fluid is converted into a solid, 
with the evolution of much caloric. 
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Ifthree parts of strong sulphuric aicid and one of water !w 
* suddenly mix«d togetht^r, a degree of heat considerabljri 
abore that of boiling water will be produced. In this case 
the heat ia also accounted for on the principle of condensa- 
tion, for if the two fluids be measured before and after mix- 
ture, it will be found that their union haa occasioned a lorn 
' of bulk, and probably also a loss of capacity for caloric. 

The inflammation of Spirit of Turpentine by nitric acid 
is a case of intense chemical action, in whicn 1000 de- 
greea of heat are evolved. About an ounce of the turpentine 
with the same weight of nitric, mixed with a little sulphuric 
acid, are the proportions. The acid should be poured on 
the turpentine from a vessel lied to a line several feet long, 
as the explosion . sonielimes throws the burning matter to a 
considerable distance. 

Mechanical action. This mcbiAes percussion, friction, and 
condensation. 

Caloric is evolved by the percussion of hard bodies against 
eacb other. This ia owing to the condensation of the body 
struck, in consequence of which its latent heal becomes sen- 

If apieceof soft iron be struck smartly several times with 
a hammer, on an anvil, it becomes hot, and even red hot, if 
the experimeiit be well conducted. 

When' a piece of steel and a flini are struck together, the 
LcondenSBtion produces so much heat as to set lire to the 
Bbmall particles of steel which at the same time are struck off 
^y'the blow. ^ 

Friction. Caloric is evolved, or produced by friction. 
The friction of machinery when the motion is rapia, frequent- 
ly causes so much hfat as to set the wood on lire. The in- 
habitants of various nations obtain fire by rubbing pieces of 
dry (^o^ogether. The friction of carriage wheels some- 
times Sfeta them on fire. 

The principle on which caloric is produced by friction has 
not been demonstrated. It cannot be referred to condensa- 
tion, since the rubbing of two soft bodies together, such as 
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the hand against the coat sleeve, or the two bands agvinM 
each other, causes heat. • 

Count Rumtord, who made a laborioius and raried cotuM 
of eiperiinenis on this suljject, was led to the conclusion that 
the heat produced by friction could not be connected with 
the decomposition of oxygen gas, nor with the increase ol 
density, nor could it be caused by any change in the specific w 
caloric of bodies. Others have also made experiments with 
a view to determine this question, but as yet no one has pre- 
tended to give any satisfactory explanation of its cause. 

The Condensation of an elastic fluid by sudden pressure 
causes heat, as has already been explained, and illustrated 
by Fig. II. Tiie heat evolved in this case arises simply 
from £e diminished capacity of the air for caloric, in conse- 
quence of its increased density. 
Light. 

The next imponderable agent which falls under our notice, 
is light. .The investigation of the properties of light, — its 
laws of reflection and refraction, ancf its effects on the sense 
of vision, and subjects belonging to the science of Optiei. 
{See Optics in Nat. Philosophy) Some of the effects of 
light are however properly considered here, since they pro- 
duce chemical phenomena. 

Light may be decomposed by means of a prism, into seven 
primary colours. The succession of these colors, beginning 
with the uppermost, is violet, indigo, blue, green, yellow, or-^^^ 
(i'tge. red. ^^H 

The decomposition of light, only requires that a ray shouli^^^ 
be admitted through a small aperture into a room, and made 
to pass through a triangular prism, as represented by Fig. 

Fig, 16. The direction of the 

" ray towards the point 

e will be changed hv 

^the refractive power ol 

the prism, and at the 

same time it will be de- 

mposed into the col- 
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UB alMttdy named, the violet corresponiiag with 1, and the 
red with 7. It may be observed by the fig:uTe< that the red 
is refracted hast, and the violet moji, from the direction of 
the original ray, these two colours terminating the nndei and 
the upper parts of the spectrum. 

These seven, are called the (primary colours,; since they 
• cannot by anv known means be acain decomposed, or s^hi' 
rated into otJier colours. The whole seven are called [he 
ftolar spectrum. ') 

The heating powers of these several colours are different. 
Take a sensible air thermometer (fig. 13) and move the bulb 
in succession through all the coloured rays, waiting at each 
for the fluid lo rise, or fall. .The thermometer will be found 
to indicate the greatest heat in the red ray, nest in the green, 
and so on in a diminishing ratio to the violet. 

When the thermometer is moved a little beyond the red 
ray, but in a line wiih the spectrum, the heal is still greater 
than in the ray itself. These healing fays are invisible to 
the eye, and hence it is concluded that there exists in the so- 
lar beam, a distinct ray which causes heat, but no light. 

The illuminating power of each primary ray in the solar 
spectrum, is different from the other. This is proved by 
permitting the spectrum to fall on a large primed sheet, of 
the same sized type, when it will be found, that at the same 
distance, the pans illuminated by some of the rays can be 
r^d, while those illuminated by others are indistinct. 
■ Light is capable of being absorbed by certain substances; 
** of remaining m them for a time, and then of being extricated 
unaltered. ' Such bodies are called iolar phosphori. 

Phosphorescence. 
Phosphorescence may be defined, the emission of light 
without sensible heal, or without combustion. 

(A considerable number of substances have the power of 
absorbing a quantity of light when exposed to the rays of the 
sun, and of emitting it again, so aa to become liuninous in 
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16 PHOIPHOREKKNCS. 

tbe dark. (Most substances lose this property in a short tinifl^ 
but acquire it again by another exposure to the sun, and thift 
may be repeated any number of times. Several substances 
by this treatment becoiQe so luminous as to render minut* 
objects visible in the dark] Canton's phosphorus is of this 
kind, and may be prepared as follows; (Calcine common oys- 
ter shells in tne tire for an hour; then select the purest and 
whitest parts, and reduce them to fine powder. Mix three 
parts of this powder with one of sulphur, and having pressed 
the mbcture into a crucible, keep it red hot for one hour. 
Then lei the crucible cool, and select the brightest and purest 
parts, which cork up in a dry vial for use.} 

(When this composition has been exposed for a few miiiutes 
to the light of the sun, and then carried into the dark, it will 
be sufiicienlly luminous to show the hour by a watch diaOi 

The same property is possessed by compositions callea < 
Homberg's and Baldwin's pbosphoma. The diamond, also, 
possesses this prop'erty, as shown by the celebrated ^peri- 
ment of Dufay, who.|having exposed a diamond to the light, 
immediately covered it with wa.-c, and on removing the wai 
several months afterwards, found that it shone in the darl^ 
t' Some substances phosphoresce by friction ; some by 
scratching, and others by neat, j 

That variety of carbonate of lime called dolomitt, gives 
light on being rubbed. Loaf sugar mixed with whites of eggs 
and dried, as is done for the frosting of cake, emits a streak 
of light on being scratched with a sharp point. Several va- ^ 
rielies of filiate of lime, and of marble; emit light when *" 
coarsely powdered and thrown on a hot plate of iron, so as 
to be seen in the dark. 

A piece of tobacco pipe, or a piece of quicklime, when 
heated by tlie compound blowpipe, or by other means to a 
degree which would only make other bodies red, give out a 
brilliant phosphorescent light, which is so intense as to be 
come intolerable lo the eyes." 

4j)otheT kind of phosphorescence may be observed during 
the decomposition of certain animal substances. Thus, if a 
small piece of fresh herring, or mackerel^ be put into, a two 
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ounce Tial of aea water, oi into puie water, with a little com- 
mon sait, and the vial be kept in a warm place for two or 
three da^ there will then appear a luminoua ring on the 
Bui&ce of the water, and if the visl be shaken, the whole will 
give a phosphorescent light) 

Light produces very material effects on the growth of all 
Tegetablea, from the most humble plant, to the tallest Iree of 
the forest. (Plants, vegetating in the dark, are white, feeble, 
almost tasteless, and contain but little combustible or carbo- 
naceous matter. ) lOn exposing such plants to the light of the 
sun, their colours become green, their tastes become much 
more intense,) and the quantity of their combustible matter 
becomes greatly increased. These changes are strikingly 
obvious, and beyond all doubt depend on the agency of light. 
■ '"Lighl not only affects the riai ' " ' ' ' 

the artificial colours of thingy^ 
effects appear not to be redif 
soiUe instances it destroys, ^ 
creates, the colours of bodJ 

On exposing bees wax to the^ - 

is discharged, and it becoiflls white ; 
that the colours of printed %oods, and of cl 
or faded, by the same iafiujnce; and tlial 
of bleaching, conaialed in exposing the c 
influence of light, air. and moisture. 

Oq the contrary, the colours of plants appear to be exclu- 
sively! owing to their exposure to light,; and various chemical 
preparations^ such as phosphorus, and the nitrate and chloride 
of silver, become dark coloured, and even black, by the influ- 
ence of light) 

Light has also an important and curious influence on the 
crystallization of Salts. Make a strong solution of the sul- 
ptiate of iron, in water, and place it in a shallow dish. Cover 
one half of the dish with a black cloth, and set il in a darkened 
room, permitting only a single ray of light to enter, so as^ 
strike upon the solution in the uncovered part of the dlSi»^ 
Thus one half of the solution will be exposed to the light, 
while the other half will he in darkness. After.the dish has 
Hood in this situation for a day or two, it will be fouA that no 
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48 xiioTKiony. 

eigne of crjrstalUzation ste to be Mm in that pRit oT ike sola 
tion which has been kept in the daik, while that part which 
hxLB been exposed to the light will be comjtletely crystallized. 

Another curioue &ct connected nntb (hia subject, is, tiutt 
plants emit oxygen gas, through the influence of the bud's 
light. To make this obvious, fill a tall glass v«sfe), such as 
a bell glass, with water, and invert it into another vessel of 
water. Then introduce into the bell glass some sprigs of mint 
or any other plant of vigorous growth, and expose the whole 
lo ihe action of the sun. Small bubbles of air will soon ap- 
pear, as though isGuJfig from the leaves of the plant. These 
will, one after another, detach themselves and arise to the 
upper part of the Vessel, and on examination, the air thus 
extricated will be found to consist of very pure oxygen gag> • 
{See Oxygen.) i ' 

In thi^ experiment, the wdtgr serves only as the means of 
collecting the oxygen ; A&w^r itself not being decomposed 
by the plant, but only li^fctrTlLhich it contains. The air 
which we breathe conlain^l quantity of carbonic acid, which 
IS decomposed t)^ the organs of the plant, the carbon being 
retained, while the oxygen is emflted. {See Vegetation.) 
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The third iranonderable agent is Electricity, including 
Galvanism. * 

iThe ancients knew nothing of electricity as a science. 
They knew indeed that amber and glass, when rubbed, would 
attract light substances; and about the beginning of the eigh- 
teenth century, it was discovered that a certain stone called 
tourmaline, would attract feathers and hair when heated, and 
thai some precious stones would do the same when rubbed. 
As an important science, electricity can claim no higher dale 
than tho age of Franklin. 

Galvanism is of much more recent dale than electricity. 
^is science owes its name and origin to an accidental dis- 
^ •sWfery made by Galvani, an Italian, in 1791. Qalvani was 
professor of anatomy at Bologna, and his great discovery 
seems to have been owing indirectly to the sickly condition 
of' his #ife. This lady being consumptive, was advised to 
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lako soap msde of the flesh of frogs, as the most delicate nu- 
tnment. One of these animals, ready skinned, happened to 
lie on a table in the professor's laboTatory, near which stood 
Mi electrical machine, with which a pupil was making expe> 
rimente. While the machine wa« in action, the pupil chan- 
ced Co tonch one of the tegs of the frog with a. knife which he 
held in his hand, when suddenly the dead animal was thrown 
into violent convulsions. This singular circumstance excited 
the attention of the sick lady, who was present, and it was 
communicated to her hMsband, who was out of the room at 
the time. Galvani inunediaieiy repealed ihe experiment, and 
soon found that the convulsions took place only when a spark 
waa drawn from the electrical nmchine, the knife al the same 
lime touching the nerve of the frog. He also ascertained 
from farther investigations, thai the same contractions were 
excited without the agency of an electrical machine, provi- 
ded he employed two metals, such as zinc and silver, one of 
which was made to touch the nerve, while the other touched 
the muscle of the frog. [Sm Galvanism.] It is from such 
a beginning that the now important science of Galvanism had 

Electricity, as an agents is considered as an exceedingly 
subtle fluid, so light as not to affect the most delicate ba- 
iances^moving with unmeasurable velocity, and pervading 
all substances. It is therefore its effects on other bodies, 
anly, or its phenomena, which it is in our power to examine. 

The simple lacts on which the whole science of electricity 
is founded, may be stated in a few words. 
(If n piece of glass, amber, or sealing wax, be rubbed with 
the dry hand, or with flannel, silk, or fur, and then held near 
amall tight bodies, such as straws, hairs, or threads, these 
bodies will fly towards the glass, amber, or wax, thus rubbed, 
and for a moment will adhere to them.; The substances hav- 
ing this power of attraction,^ are called eh.ctrics,'tind the agen- 
cy by which this power is exerted is called eUelricitvi' Some 
bodies, such as certain crystaK exert the same power when 
heated, and others become electric by pressure. 

Although these are simple fiicts on which the science is 
based, yet electricity exhibits a vast number of curious and 
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Fig. 17. ioteretting: phenomena, depending on the Tarietjr 

\and kind of machinery, and the quantity of the 
electrical influence employed. 
When a piece of glass, or other electric/ has 
been rubbed, so as to attract other bodiesi it is said 
to be excited, and it it is found that most substancea 
^are capable- of this excitement when managed in a 
M peculiar manner. 

'The most common are, aniber, glass, rosin, sul- 
phur, wax, and the fur of animalsJ When an excited electric is 
presented towards a small ball, made of pith, or cork, and sus- 
pended fay a string, Fig. 17,jlhe ball is attracted to the elec- 
tric, and adheres to it for a moment.; And if two such balls 
be suspended so as to touch each other, and the excited - 
Fig. 18. electric be made to touch one of them, the 
~ " ~ other will instantly recede from the one so 
touched, that is, they will mutually repel each 
other, and remain for a short time in the posi- 
tion shown by Fig. 18. If while they are in 
this position, one of them be touched with the 
k finger, or a piece of melal,flhey will again in- 
stantly attract each other, and come together; 
and if suspended apart, will forcibly approach each other, as 
represented by Pig. 19. 

Fig. 19. In the explanation of these phenomena, we sup- 
• poae that all bodies are pervaded with the electric 
/ fluid, but that when in equilibtJiun, like air and water, 
'l produces no obvious effects, and that it is only 
k'faen this equilibrium is disturbed, or when some 
odies contain more of the fluid than others, that 
electrical effects can be produced. 

When an electric is rubbed with the hand, or other 
exciting substance, it receives a portion of the electric fluid 
from that substance, consequently the electric, then, has a 
greater portion of electricity than is natural, while the hand, 
or other substance, has less. When two bodies are in differerit 
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flectrical elates, that is, vrhen one has more, or leaa than the 
natural quantity, they attract each other. This is illustrated 
by Fig. IT, where the ball is represented as moving; towards 

the excited electric. 

But when two bodies have each more or less than the natu- 
ral quantity, they repel each other. This is illustrated by 
Fig. 18, where the repulsion is caused by the communication 
of an uncommon share of the fluid from the escited electric 
to one ball, and from this ball to the other, and thus the two 
balls have more than their ordinary quantity of electricity, 
and are in the same electrical state. 

On touching one of the balls with the finger, they again 
attract each other, ^ecause the finger deprives this tell of a 
part of its electricity^ while the other tell is not affected, and 
thus the two tells are thrown into different electrical states. 
This is illustrated by Fig. 19. 

To account for electrical . phenomena. Dr. Franklin sup- 
posed, as above staled, that all terrestrial things had a natural 
quantity of that subtle fluid, but that its effects became appa- 
rent, only when a substance contained more or less than me 
natural quantity, which condition is effected by the friction 
of an electric. Thus, when a piece of glass is rubbed by the 
hand, the equilibrium is lost, the electrical fluid passing from 
the hand to the glass, so that now the hand contains leas, and 
the glass more, than their ordinary quantities. 'These two 
stales he called positive and negative, implying the presence 
and absence of the electrical fluid. ^ If now a condttctor of 
electricity, such as a piece of metal, be made to touch the 
positive Dody, or is brought near it, the accumulated fluid 
will leave this body and pass to the conductor, which wiL 
then contain more than its natural quantity of the fluid. But 
if the conductor be. made to touch a negative body, then the 
conductor will imparl a share of ilh own natural qiianlily of 
the fluid to that body, and consequently will contain less than 
ordinary. Also, when one body, positively, and the other 
negatively electrified, are connected by a conducting sub- 
Blance, then the fluid rushes from the negative to the positive 
•ide, and the equilibrium is restored. 
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This theory, originally invented by Dr. Franklin, will u;< 
count satisfactorily for nearly every electrical phenomenon. 
There is, however, another theory, that of Dufay, which ib 
still embraced by some writers. 

This theory supposes that there are two kinds of electrici- 
ty, which are termed the vilreinis and resiTtmii, corresponding 
with the positive and negative of Franklin. This theory is 
founded on the fact, that when two pith balls, or other light 
bodies, near together, are touched by an excited piece of 
glass, or sealing wax, thj;y repel each other. But if one ol 
Sie balls be touched by the glass, and the other by the wax, 
they will attract each other. Hence Dufay concluded that 
electricity consists of two distinct fluids, which exist together 
in ail bodies: that these two fluids attract fach other, but 
that they are separated by the excitation of an electric, and . 
that when thus separated, and transferred to non-electrics, as . 
to the pith balls, the mutual attraction of the twp electricities, 
causes the balls to rush towards each other. 

The electricity corresponding with the positive of Franklin, 
is called vitreous, fbecause it is obtained from glass; while 
the other is called resinous, because it is obtained from wax 
and resin. "■: 

In respect to the merit of those two theories, we can only 
say here, that FranJclin's is by lar the most simple, and ac- 
counts equally well for nearly every electrical phenometion. 

Somebodies permit the electrical fluid to pass through them 
without difficulty. These are called ctmductors. They are 
the metals, water, and other fluids, escept the oils, steam, ice, 
and snow. The best conductors are gold, silver, platina, 
brass, and iron>, The conductors are non-electrics, (hat is, 
they show no signs of excitement when rubbed, under com- 
mon circumstances. The electrics are non-conductors, that 
is/ they will not conduct the electric fluid from a negative to 
a positive substance) and when excited, this fluid accumulates 
on their surfaces, because they have not the power of con- 
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doetin^ h avay. A bodv is said to be ifuulated, when it is . 
snppoEted by a non-conductor. A man ataodiDg on a Rool 
supported by glass legs, or standing on a cake of wax, is in- 
sulated. When one body, or Byatem of bodiee, is in the posi- 
tive stale, the other part, oi system, being contiguous, is in- 
Tariably in the n^ative state. If one end of a stick of seal- 
ing-wax, or glass rod, be positive, the other end will be nega- 
tiTe, and if one aide of a plate of glass be positive, the other 
side will be negative. (See EUcirieity in Nat. Philosophy.) 

Chemical Effects of Electricity. 
The chemical effects of electricity are most conspicuous 
in that form of this agency known under the name of Gal- 
vanism, but there are many instances in which common elec- 
tricity produces important chemical changes. 

When powerful electrical discharges are passed through a 
glass tube containing pure water, by means of a gold or pla- 
tina conduclor,^he water is decomposed, and resolved into its 
two elements, hydrogen and oxygen {see these articles,) which 
fVff-. 20. immedialelv assume the gaseous formj If af- 
terwards tne gaseous mixture thus obtained 
be submitted to electrical shocks, the re-union 
—of these elements will again be effected, fjhe 
hydrogen will be inflamed, while its combus- 
tion will be supported by the osygenj the 
gaseous mixture will entirely disappear, and 
w^er will be formed. 

The method of performing this experiment 
, is ^hown by Fig. 20, where a represents a 
glass tube containing the two gases, and b, e, the two eFec-. 
trical conductors, the points of which approach so near, as 
to permit the fluid to pass through the gases, from one point 
to the othely 

To explain the phenomena of the decomposition of the 
water by electrical-agency, (v/e have to suppose that the two 
gases are naturally in opposite states of electricity, but that 
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whea united to form water, the electricity is in a Blate of eqai 
Ubrium.') ^^en therefore walei is submitted to the power of 
this agent, this equilibrium is destroyed, the negative gas or 
oxygen passing to the positive conductor, while the hydrogen 
being in a positive state, passes to the negative conductor. 
Thus the fluid is decomposed, and assumes the gaseous form 
of its constituent^ 

The union of ^he two giises, and the consequent rec(nnpo- _ 
sition of walerJ is simply in consequence of the heat evolved 
by the electrical shock, as it pnsses through thera^ A degree 
oif heal by any other mtHtis, sufficient to inflame the hydro 
gen. would produce the same effect. 

^Precisely the same phenomena are produced by galvanism, 
both in respect to the decomposition of water, and the re 
union of its element^ When sulphide of copper is submit- 
ted to the action of a powerful elecixical machine, (the salt is 
decomposed, and the metal is revived around the negative wir^i 
Other metallic salts undergo the same decomposition. -^ 

iThese effects arise from the different electrical states of the 
elements of which the salts are composed,^ the positive ele- 
ment being attracted to the negative conductor, and the con- 
trary. It will be seen directly, that the indentity of galvanism 
and electricity is proved by many similar results. 

It has already been stated, ihal the science of galvanism 
had its ori^ from an accidental discovery made by a pupil 
of Galvani, an Italian professor. 

This subject was afterwards prosecuted by Galvani, with 
the most untiring ardor and with great success ; and as his 
disco veries^ere made known, from lime to time, (o the scien- 
tific world,! philosophers in all parts of Enrope vied with each 
other in repeating his experiments, in varying them in all 
possible ways, and in making new experiments to account 
lor the cause of the novel and surprising phenomena they 
observed. An account of these researches belong to the 
history of Galvanism, and cannot be included in this concise 
epitome of the science. 
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It mast suffice here, lo slate that the discoveriea ofProfea- 
8or Yolta of Pavial have contributed more towards the pro- 
gress and development of the true principles of this science^ 
than the united researches of all his co-laboureis. The dis- 
covery and invention of the Galvanic, or Voltaic pile, the en- 
tire' merit of which belongs to the [Professor of Pavi^ re- 
moved all doubt respecting; the identity of electricity andgal- 
vanisni, and i is said to have been the result of deep medita- 



tion and reaadning. , Volta's discovery was publiahed in 1800, 
and since that time several modifications, and many improve- 
ments in the mode of extricating the galvanic influence, havQ 
been made ; (hey all, however, appear to be founded on his 
original invention. 

, To make this subject plain, it is necessary to state, that 
fGalvani fomid that when (he different parts of a recent ani- 
irbI, as the nerves and muscles, were made (o touch each 
other, and then the opposite ends of this series made to com- 
municate by means of two different metals, signs of electri- 
city were always apparent, Hence Galvani concluded that 
the different parts of animals were in opposite stales of elec- 
tricity, and that the metals only served to restore the equili- 
brium. On the contrary, Volta maintained that the electrical 
excitement was owing to the contact of (he two mevals, and 
that the animal substances only served to conduct the fluid 
from (he positive to the negative metal. (And to show that 
this was the true theory of the phenomenarhe proved by di- 
rect experiment, that when a piece of zinc, and a piece of 
silver, are placed in contact, and moistened, they are both 
excited, the zinc positively and the silver negatively. Thus, 
when a piece of silver, as a dollar, is placed on the tongue, 
ana a piece of zinc under the'tonrue, and then their two 
edfHis made to touch each other, electricity will pass from 
the zinc lo the silver, of which the person will be sensible, 
not only by a peculiar metallic taste, but by the perception of 
a sl'vbl fl^h of light, particularly if the eyes be closed. 

The quantity of electricity evolved by two pieces of metal, 
bein^ exceedingly small, Volta tried the experiment of adding 
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many pieces, arranging them in pairs, with a conductor W 
tween them, and found that the gal™.nic influence was in- 
creased in proportion to the number of plates thus combined. 
Such atiempta led him finally to construct the Voltaic pile 
already mentioned. (This pile consists of a multiplied num- 
ber of galvanic, seriffl; terminating at one exiKmity by a 
positive, and at the other by anegativeconducto^ 

The conditions necessary for galvanic excilafion are en- 
tirely different from those under which common electricity is 
obtamed, OlVe have seen that electricity is accumulated when 
an electric ot ft on-con duclor is rubbed with the dry hand, or 
with another non-conductor, as a piece of silk or fur. In or- 
dinary galvanic excitation, such substances as are called elec- 
trics are not concernedi 

These substances are all conductors of the electric fluid; 
one of ihem a simple conductor, the other two having edbfa 
Ihe additional power of different degrees of electrical, or gal 
vanic excitement. 

These three substances are usually^zinc, water, and cop- 
per, and these, nrrange'd in the order named, compose a sim- 
ple galvanic circle. 

\The ivater, which ia mixed with a small quantity of acid, 
not only serves as a conductor of the galvanic fluid, from the 
positive to the negative metal, but also by acting slightly on 
the metals, is the efficient cause of the galvanic excitation. 
Fig. 21. This arrangement, together with the course of 
.lA^Hll the electrical agent from one metal to the other, 
1^ and through the water to the first metal again, 
9 will be understood by Fig. 21. 
fl ISuppose c tobe a plate of copper, and 2 a plate 
5 of Vine, touching eacn other at the top, and placed 
* in ft vessel of acidulated water. Then the action 
-■ of (he acid will produce an evolution of electri- 
city from both metals, that from the zinc being positive, and 
that from the copper negative. The electrical fluid will 
therefore pass from the zinc through the water to the copper, 
and from the copper by contact to the zinc, and so in a per- 
petual circuit in the direction of the arrows. 
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It is a multiplication of ihia priDcime, (bat ie, by forming 
a series of simple galvanic circles, which composes the g>X- 

T'c pile, or pile of Volta, already meniioned. 
his compound galvanic circle is constituted by a series of 
simple circles, so uDiled, as to concentrate the influence of 
the whole at a given points It may be constructed as follows: 
Provide three glass rods, say of two feet in length each, 
and fix these in an angular direction from each other in a base 
of wood. Provide abo circular plates of copper and zinc, 
two or three inches in diameter, about the eighth or tenth of 
an inch thick, and in number proportionate to the power of 
the intended pile. Next cut out the same number of circu- 
lar piecas of card paper, or of woollen clcih, that there are 
pieces of either metal, but less in size, (flaying thus obtained 
the elements of the pile, its construction consists in placing 
first on the base, or board within the rods, a plate of copper, 
then on this a plate of zinc, and next, on the zinc, a piece of 
the paper, or cloth, dipped in salt water, or acidulated water, 
p- 22 thus forming a single galvanic circle, The same 
' arrangement is observed throughout the whole 
series, that is, copper, zinc, paper; copper, zinc, 
' paper ; except in the last circle, or top of the 
pile, which ends with the zinc. Fig, 22, repre- 
seata such a pile, a, b, being the glass rods and 
z. X. the pieces of wood, the upper piece having 
holes to admit the rods in order to make them 
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c influence, S^ is always most powerful 
when first constructeoji or before the plates become-oxi dated. 
/On this account, after having been some time in use, it re- 
quires to be taken in pieces, the plates cleaned from rust, 
and t^ien again reconstructed, when it regains its original 
energy. 

A pile composed of two dozen plates of each metal, wiU 
rive a smallsnock, which, when taken by the hands, may be 
felt to the elbows, ^he mode of receiving the shock, is by 
wetting the hands, and then having placed one of them in 
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conlftct with the zinc plate, which tenuiu^ea one end of the 
pile, touch with ihe other hand,, the coppei plate which ter- 
minates the other end of the pile, Or these two plates may 

be touched with a wire, wound with a wet rag and held in the 
palm of each hand. (When experiments are to be made by 
passing [he galvanic influence through any substance, this ib 
done by connecting a wire wiih each terminating plate : the' 
two moveable ends of the wire being then brought near each 
other, and the substance placed between them, the fluid passes 
from the positive to the negative side, and so through the sub- 
stanch These wires are called the poles of the Voltaic pila. 
(Any number of these piles may be connectetl together by 
mraing a metallic communication from the last plqte of the 
one, to the first plate of the other, alu'ays observing to pre- 
serve the order of succession from the zinc to the copper, 
and from the copper to the zinb. In this manner a galvanic 
battery is constructed, the power of which will be propor- 
tionate to the number of plates employed. 

The galvanic fluid, it ought to have been observed, is ex- 
tricated onlv on condition that one of the meials employed 
be more easily oxidated, or more readily dissolved in an acid, 
than the other. Any two metals will form on effective gal- 
vanic apparatus on this condition, and il is always found Oiat 
the metal having the strongest affinity for oxygen is positive, • , 
while the other is n^^alive, 'f bus, any metal, except that 
which has the least affinity for oxygen, of all, may form' the 

nsitive or negative side, by having another metal more or 
;s oxidable thaik itself, placed in contact wiih it. 
■.Copper, in contact with zinc, is negative, because zinc ia 
most easily dissolved, or has the strongest affinity for oxygen ■ 
of the two. Bui when copper ia in contact with silver, it 
becomes positive, while the silver is negative ; and fof the 
same reason silver becomes positive when in contact with 
gold, or platina. The greatest effect is produced, other cir- 
cumstances being equal, when two metab are placed together, 
one having the greatest, and the other the least affinity foi 
oxygen, as zinc and platina. 
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Since the iDTenlion of Tolts, a great variety of difierent 
(iiethods have been devised, in order to extricate the gaWanic 
finid with greater convenience, or with greater power; and 
ftlao to modify its action for different purposes. 

^jnoDg these inventions, the galvanic trough is one trf the 
moM convenient and common in this countrjj, (hough by tar 
less powerful in proportion to the surface or ihe metal em- 
ployed, than several others. 

\^ this arrangement, the plates of copper and zinc are pla- 
eed'with their fiat surfaces m contact, and are soldered toge- 
ther on the edges. These plates are then fixed in grooves, 
cut in the opposite sides of a long narrow mahogany box, 
leaving betwefen them narrow intervals. The box of course 
is open on one side, the ends and bottom being made water 
tight, and also the ^rells between the plates, by cement. \Jn 
fixing the plales, it is obvious that all the .zinc surfaces must 
on, andalith«-cop- 



Fig. 2^|wi£Sents such a 
f trough, furnrafcifcwith con- 
ductors ofbrass wfre, w, w, 
which are fastened to the 
two eiffl tjates, or merely 

pipped inio the cell^ The 

latter \& the moat convenient memed, on account of its allow- 
ing the operator to graduBte the shock at pleasure, by inclu- 
ding between the poles a greater or less number of the plales. 
fThe conductors pass through the glass tubes, a, a}eo as to 
'. allow the operator to handle them without receiving the 
. shock himself, and then pass to a glass plate on which the 
subject of experiment is laid, ■ 

When, this trough ia to be usud, the cells between the 
' piffles 4re filled with water containing in solution a quantity 
of common salK or made slightly sour by muriatic, sulphuric, 
or nitric acid, if the water is made warm, the action will bo 
much increased. Care must be taken that loo much acid be 
not used, for if the action on the zinc plales is such as to 

Whu mnhnd of ciuicuing Uie ^nnic power Is nid lo bs ainoiig ihe mm cofl. 
nntmt 1 Dncrilw Ihe c«HniclLon ol' Ilie galvanic Imugh. In whu ordn muM 

teaaea ihe poks to Ihe plalM, oi merely u> Alp Ibem iMo the uUe 1 Whu u( Un 
«■■ of (he glas [QbH a a 1 Whoa iJw troqgh It u be iiie4 *1th yih^ an uh oUb 




^, Google 



60 OILTAMIRH. 

occasion the emission of bubbles of hydngeti, ibe galmue 
action ceases almost entirely. 

t. After the trough is filled with the water, its edge«, and 
alet) thoae of the plates, must be wiped dry, and care must be 
taken that it does not leak, otherwise the electric fluid will be 
conducted away by ibe watelk Want of attention to these 
circumstances, will sometimeiPoccasion an entire failure of a. 
galvanic experiment. 

'Another mode of arranging the galvanic apparatus, is by 
means of a row of glasses, each containing solution of com- 
mon salt, or a dilute acid. In each glass is placed a plate 
of copper and another of zinc, not in contact, but so con- 
nected by slips of metal, or by wires, that the zint in onn 
cup shall be connected with the copper of the next cup ; ibe 
zinc in the second cup with the copper of the third, and thn 
Lopper of the third with the zinc of the fourth, and so on 
through the series except the terminating cups, which con- 
tam only a single plate each, one of copper and the other of 
imc Tnis arrangement will be understood by Fig. 24, where 
Ftg 24 ^ a a, a, are the glasses, z the zinc, x 
opper, and ib the wires W which 
are connected.. The advantage 
s method consists in the exposure 
h of the two sides of the plates to the 

. . action of the acid ; while by solderinff 

the plates as in (he construction of (he trough just describei 
one o'f the surfaces of each metal js protected from the acid, 
and contributes nothing lo the effect. ■ But the bulk of this 
apparatus, and the danger of breaking the glasses in case-of 
transportation, prevents its general adoption, 

A convenient and more compendious modification of this 
principle has therefore been contrived, and is called the 
trough batUry. \ In this arrangement, the zinc and copper 
plates are united in pairs, as just described^ by means of 
slips of metal, which are soldered lo each other. 1 welve pairs 
of these plates are then fastened to a piece of baked wood, 
being placed at such a distance apart as to fit the cells of a 
trough which contains (be water and acid. The trough may 
be made of baked mahogany, with partitions of glass, or 



Whal caiuloii IB iHHwnrj in Raped u> the <(uuil1l7 of k14 andalnmiapectuidtr- 

fim cuiH. Whf li i)» aj^Miuua made niih cupa objeclioimlik 1 In nlua ii oIM 
lln UOOfh Imueo', Imw ue Ih« fHaaa unlled 1 




oflb^Google 



vhnt is better, the wliole may be made of eartben, or Wedge- 

rWhen this baKeiy is to be used, the celts in the trough are 
partly filled with water, containing an acid or salt in solu- 
doD, and then the pialea being connected with the slip of 
wood, are all let down into the cells at the same instant, by 
means of a pull^, each cell containing one plate of zinc and 
another of copped 

Where great power ia wanted, any number of these 
troughs may be connected together, by passing a slip of cop- 
per from the positive end of one, to the negative end of the 
other trough. (For the use of a laboratory, this is by far- the 
most convenient, aa well as the moat powerful means of ob- 
taining large quantities of the galvanic fluid, yet devised) 
When an experiment ia finished, the operator, in a few mirt- 
utes, car raise all the plates from their troughs by means of 
pullies, and thus they are suspended, ready to be let down 
again when wanted. The power alao, with the same extent 
of surfiice, is double that of the galvanic trough, where the 
.plates are soldered together, since with the present method, 
«he entire surface of each metal is exposed to the action of 
the acii \The pialea can likewfee be more readily cleaned, 
and the whVle apparatus more easily kept in repair. 

The Galvanic Battery of the Royal Institution of Great 
Britain, is conatructed on the above plan. Il is of immense 
power, consisting of 200 troughs of Wedgewood's ware, each 
containing ten cells, and receiving ten double plates of cop- 
pr and zinn, each plate containing a surfece of 32 square 
inches. Thei whole number of double plates is therefore 
2000. and the whole metallic surface e.'cposed to electrical 
excitation at the same instant, is equal to 128,000 square 

It was by means of this apparatus th^t Sir Humphrey 
Ctevy performed his brilliant eiperiments,:and succeeded in 
decomposing ihe alkalies, and showing their metallic base;^ 
(See potash and soda.) 
. Chemical effects of Galvanism. It is a singular, and, per- 
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haps, unaccountable feet, that the extent of the rontinnoiis 
surface of the metals, from which the galvanic fluid is ob- 
tained, haa an influence over its effects, when employed for 
various puiposes. We aboiild snppose, both from reasoning 
and analogy, that the amount of galyanic action would, in 
every case, be proportioned to the number of square inches 
of metallic sur&ce, and that it could make no difference in 
the result, whether the individual pieces of metal were large 
or small. But experience shows that this is not the case. 
The effect of a battery composed of large plates, and one of 
^smatt plates of the same extent of surfece, lis quite different.] 
(That composed of the large plates having the most intense 
chemical, or heating power, while that consisting of small 
ones has the greatest effect on the animal sysiem.) Thus, a 
man can bear with little inconvenience the shock from Mr 
Children's haiiery, composed of plates six feeilong and two 
feet and a half wide; while he would be stunned, or per- 
haps killed, by the shock from the same amouni of surface, 
were it divided so as to proceed from plates of only two oi 
three inches in diameter. And yet Mr Children's battery 
gives the most intensely brilliant caloric effects, while the 
caloric agency of the small plates is comparatively slight 
and insigniftcant. 

The decomposing chemical effects of galvanism have been 
much more extensively employed than those of common elec- 
tricity. Indeed, the decomposing power of electricity was 
little known before the brilliant discoveries of Sir H. Davv, 
by means of galvanism; but sine* that time. Dr. Wollaston 
has shown that most, if not all of the chemical effects of the 
galvanic battery, may be produced by electricity. 

The decomposition of water by means of electricity, Vas' 
effected by the Dutch chemists long before the discovery of 
galvanism. A description of the method of doing this has 
already bean given, while treating of electricity. This seema 
to have been the most important chemical decomposition 
effected by electricity, before the discoveries of Galvani and 
Volla. 

Since that period, the science of chemistry has owed to 
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thnt of galvanism some of the moM magnificent and unpor- 
tanl discoTeries ever made in that science, viz^'the decompo- 
sition of the alkalies, and aa a conseqnence of this, odier oii- 
coveries of great interest and valu^ 

One of the most extraordinary fccts belonging to the 
agency of plTunism, is the diacoverr that the elements of 
decocnposed bodies follow an invariable law in respect to the 
electrical sides on which they arrange themselves. Thus, in 
decomposing water, or other compounds containing its ele- 
ments, the hydrogen fescapes at the negative pol^ and the 
o^gen at the posiliva In the decomposilion of the salts (see 
salts) and other compounds, this law is in every instance 
observed, the same kind of element being always disengaged 
at the same pole of the battery. 

When a compound consists of two gaseous elements, they 
may be readily separated, and each gas obtained separate by 
placing ihe compound in a bent tube, and then exposing it to 
the galvanic action. 

This simple arrangement is represented by Fig. 25. 

Fig. 25. ■ It consists of a glass tube bent as in 

the figure, a small orifice being ground 
at the angle so as to let in the water, 
or instead of this, two tubes may be used 
with their lower ends placed in contact 
The lubes being filled with water, and 
their lower ends placed in a dish of the 
same fluid, the iwo platina wires pro- 

ceeding from the two sides of the battery 

are passed through corks m the upper ends of the tubes, and 
pushed down, so as to come within about the eighth of an 
inch of each other. Care must be taken that the adjustment 
be such as to allow the gases as ihey ascend to come within 
the orifices of the lubes.) 

The battery being now set in action, small bubbles of ga< 
^U be seen to arise &om the ends of the wjrw, bul in dif- 
ferent quantities. The tube from the, negative wire will 
soon be filled with hydrogen gas, while the other in the same 
time will be only half filled with oxygen. 'This oircnra- 
ffiance arises from the fact, that in forming water, these two 
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gases combine in the proportion of two volumes of hydrc^jtn 

to one of oxygen-T Of course, therefore, whea water is 
decomposed, the volume of oxygen is only haif that of hy- 
drogen. 

In this experiment,^ the poles of the hatterjr must be of 
platina, or gold, otherwise, if they are made ol iron, or other 
osidable melal. the oxygen comhines with the metal instead 
of being extricated and rising up the tube) 

When neutral salts, whether alkaline, metallic, or earthy, 
such aa common salt, blue vitrol, or alum, are exposed to ' 
the action of a powerful battery, the same law is obserred ; 
the acid, which contains the oxygen, goes to the positive 
wire, while the bases being alkalies, metals, or earths, are 
transferred with the hydrogen (for these salts always contain 
water) to the negative wire. 

But the most surprising effects of the power of this princi- 
ple is exhibited when the compound is placed in cups con- 
nected with the two sides of' the battery, and the two consli- 
cuents of the compound are transferred from one cup to the 
other. 

If the solution of any saline compound, such as Qlauber'a 
salt, be made in water, and placed in two cups, one connected 
with the positive, and the other with the negative side of the 
battery, then, by making a communication between the cups, 
by means of some moistened asbestos, or cotton, and setting 
the battery in action, the two constituents of the salt will be 
transferred fr m one cup to the other. ■ 

F g Zt Fig. 26 will show the situation 

-^ ^^^"of the cups, the asbestos, and the 

mm nil Glauber's sah. This salt is com- 

H If mm P^*^ "f sulphiric acid, soda, and 

WUP mm ^ter. The cup P is connected 

to the positive side of the battery, by a wire, passing into the 
fluid, and the cup N, with the negative side, in the same 
manner. The cups are connected by the moistened asbestos 
passing from the fluid of one to that of the other. "When this 
arrangement is completed, and the battery has been some 
time in action, 'it will be found that the water in the positive 
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cop Will have an acid taste, while that in the negntiTe cap 
wffl have an alkaline taatej and if the action be continued a 
snfficient time, all the acid contained in the salt will be found 
in one cap, and all the aoda in the other. 

Nor does it appear lo make any difference in the result,, at 
what part of the fluid circuit the salt lo be decomposed is 
placed. 

Fig. 27. This is proved by 

-*,,^ ^,- placing three cups in 

>^^ — ■\^=^^ line, and connecting 
BBtf iSf ^Bp them together liy moist-' 
3T ^Ey ^Hr Ij^F enedasbe9tos,as8hown 
■ If tT byPig. 27. IftheGlau- 

JL,^ JW. sh^ ^^''^ ^^''' °^ ""y °'^^' 

^E^ ^L*" ^arf' salinecompountfbe put 
into the middle cup. and water into the others, and the two 
galvanic poles be connected with the other cups. Pheiifgthe 
positive, and N the negative side, then all the acid will be 
transferred to the positive, and all the alkali to the negative 
cup, while the water in the middle cup will remain nearly in 
a state of purity. If the two outer cups be filled with an infu- 
sion of red cabbage, instead of simple ^vater^ ihe operator can 
see the progress of his experiment, since'lhe contents of one 
cup wiU be turned red by the acid, and the contents of the 
other green by the alkali. ' 

A pnenomenon of a still more extraordinary kind occurred 
to Sir H. Davy, during bis experiments on this subject/ For 
it was proved that the galvanic action was capable of sus- 
pending the laws of affinity, so that an acid mignt be convey- 
ed through an alkaline substance, or an alkali through an acid, 
without any combination taking place between them, or either 
might he passed through a cup of infusion of cabbage, with- 
. out changing its colour>. The three cups being arranged as in 
the last experiment, and connected together by films of moist- 
ened cotton, or asbestos, there was put into the negative cup, 
N, a solution of sulphate of soda, andinto the other two cups, 
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an iniiuioD of red cabbage in water ; this inliiBion bdng on* 
of the most delicate tests of tbe preeeoce of on acid or an 
alkali. AAer these caps, so arrang^ed, had been for a short 
time placed in the galvanic circuit, the iafusioa in the positive 
cop became red, and aAerwards strongly acid, while tfaat in 
the middle cup continued of the same colour as at first. Thus, 
as the salt was decomposed, its acid passed through the mid- 
' die cup without mixing in the least with the water it coq- 
taiaed, otherwise ts colour would have been changed. On 
reversing the connections, with the poles of the baitery, the 
alkali of the sail was transferred to tne opposite cup, the so- 
lution of which it tinged green, without iii the least afiecting 
the colour of that.in the middle cup. 

On placing an alkaline solution in the middle cup, the acid 
was transferred through it, without combination ; and who) 
an acid was placed in that cup, an alkali passed, through it 
in like manner. 

To account for these singular phenomena, Sir Humphrey 
Davylpnpposed that the elements of compound bodies were in 
different and opposite states of electricity, but that durlnp 
their chemical union, an equilibrium existed in these electn 
cal states'' This theory we have already mentioned, in ac 
counting for the decomposition of water by common electn 
city. But Sir H. Davy believed it to extend in general U 
all chemical compounds. To explain how the elements O' 
bodies may be in this state, he supposed that each element it 
naturally possessed with a portion of electricity, whether il 
is in a state of combination or not; and that the elements, in 
this respect, naturally divide themselves into two classes, one 
of which is endowed with positive, and the other with negative 
electricity. In proof of this, it is found as an experimental 
fact, that oxygen, chlorine, iodine, (see the latter article,) and 
acids in general, are naturally negative, while hydrogen, the 
metals, and the metallic o.Yides, and the alkalies, are naturally 
positive. Thus il appears that bodies having the strongfst 
attraction or chemical affinity for each other, are naturally m 
opposite statee of electricity, and that the supporters of com- 
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fcosHmi, oxygen, chlorine, and iodine, are all negatively elec- 
trified. 

From auch consideTations, Sir H. Ikvy not only accounts 
for the chemical agency of the galranic fluid, but also for 
that force called affinity, or chemical attraction, which impels 
bodiea of different kinds to mute, and form compounds. Thus, 
oxygen being naturally negative, and hydrogen naturally 
positiTe, they unite with a force or energy proportional to the 
aiETereDce of their electrical states. 

The decomposing force of the galvanic battery may' readily 
be accounted for on the same principle ; for if water be pre- 
eehted to any substance of a higher state of positive electri- 
city than its hydrc^en, then a decomposition would ensue, 
because the o.iygen would leave the hydrogen, and attach it- 
self to that substance for which it bad the strongest attrac- 
tion. The voltaic battery produces this eflect, by offering to 
the two constituents of water stronger opposite electrical 
energies than these two substances have for each other. Thus, 
supposing the electrical force of hydrogen for osygen to be 
equal to 3, aud that of oxygen to hydrogen to be equal to 3, 
then they would combine with a force equal to 6. But if 
we suppose the galvanic battery to offer to the oxygen a posi- 
tive electrical energy equal to 4, and at the same time to the 
hydrogen a negative energy equal to 4, then it is obvious 
that their combining force would be overcome, and that the 
oiygen would fly to the positive, and the hydrogen to the 
negative poles of the battery, and thus that compound would 
be reduced to its original elements ; and we find that this is 
exactly what happens as a foot, when the water is exposed 
to the galvanic circle. 

This, it must be acknowledged, is one of the most beauti- 
ful theories ever invented, ana at the same time agrees with 
the phenomena observed in most energetic chemical changes. 
But there are still some facts for which it does not satisfacto- 
rily account ;^'nor is it absolutely certain; that in any caae, 
chemical attraction is owing to the different electrical states 
of the combining bodies, so that- in the present state of know- 
ledge, this theory must be taken only as a probable and high- 
ly ingenious hypothesis. 



Halt la tb« decompOBing force of g^rukm accounUd 
lUm to ibe mih, or imtialtlliir, of ihe alenriml iIwitt u 
I h cattia (bat in uij am cheBiical u 



oflb^Google 



Heatxitg effects of GalvuHxiin. {One of the effects of ^t»- 
nic action is the evolution of heat; and where the action if 
•tiong, ii is accompanied with light, but not otherwise. 

There ia a remarkable difference between the conditiom 
jjiacessary to the evolution of heat bv galvanic action, and by . 
common electricity. In common electricity, there is no pro- 
duction of heat, where the fluid moves through a perfect con- 
ductor, and without obstruction. When it moves along a rod 
of metal, no sensible heat, or light, is evolved, unless the 
conductor is too small for the quantity. But in its passage 
through non-conducting substances, as air, or dry wood, bout 
heat and light are a consequence. 

But when galvanism passes through a perfect conductor, and 
the circuit remains entire, and when do light is evolTed, ^ere 
is still an elevation of temperature caused by its passage. 

This is readily proved, by making the two poles of the bat- 
tery meet in a vessel of water containing a thetmomeler, when 
it will be found that the temperature of the water will soon 
be raised, and if the experiment be continued, the fluid will 
boil by the heat evolved. 

If the batieiy consists of an extensive series of electrical 
circuits, very powerful calorific effects are produced by the 
passage of the fluid through metallic wires. Iron wire is 
Dielteu and falls down in globules, and steel wire bums, with 



The heating effects of galvanism seem to depend on the 
conducting power of the metal employed, the heat being in 
an inverse ratio to the power of the- conductor. This is cu- 
riously illustrated by passing the fluid through a wire, or 
chain, composed of alternate portions, or links, of pktina and' 
silver, soldered together, when it will be found that the silver 
will scarcely be warmed, while the platina will be intensely 
ignited. 

It appears from some experiments made with Mr. Chil- 
dren's great battery, that the heal excited by Voltaic action 
is more intense than that produced by any other means. 
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Many substances were iiised by it, which were exposed to 
the best wind furnaces without any impression. A piec« of 
platjna wire, one thirtieth of an iach in diameter, and 
eighteen inches long, became instantly red. then while hot, 
with a brilliancy insupportable to the eyes, and in a few se- 
conds w^s fused into globules. Still tnis battery had little 
effect on wa.ter, or on the human frame, the shock being felt 
no higher than the elbows. 

But still more brilliant effects were produced by the banery 
of the Royal Institution, when pieces of charcoal were attach- 
ed to its poles and then brought near each other. 

This battery, when the cells were filled with a mixture of 
60 parts of water, and one part of nitric, and one of sulphu- 
ric acid, afforded the most splendid and impressive results. 
When pieces of charcoal about one inch long and the sixth 
of an inch in diameter, were placed in the circuit, and made 
to approach each other, a bright spark was seen to issue from 
one to the other, and in a moment the charcoal became igni- 
ted to whiteness. Then by widening the space between the 
charcoal points, a constant discharge continued when they 
■ were four inches apart, affording a most brilliant astending 
arch of light, broad in the middle, and terminating in points 
It the charcoal, resembling in shape, two cones, applied base 
Fig. 28. to base. The shape of ihia 

_,^^ _ ^ I. brilliant phenomenon is re- 

c>»- ^== 9 presented at Fig. 28, where 

a and b are the poles of the 
battery with pieces of char- 
coal attached to them, and between these the ascending arch 
of light. When any substance was held in this arch, it be- 
came instantly igniied; platina, one of the most infusible of 
all the metab, melted in it as readily as wax in a candle; 
quartz, sapphire, magnesia, and lime, all entered into fusion; 
and points of diamond and plumbago, rapidly disappeared, 
seeming to evaporate with the heat. 

Attraction. 
By attraction is meant (hat property in bodies which gives 
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tfaem a tendency to approach each othei, Whether they exiM 
in atoms, or masses. Attraction has received various names, 
according to the circumstances under which it is observed to 
act Thus/that kind of attraction which extends to all kinds 
and quantities of matter, and to all distances, is called attrac- 
tion of gravitation. This attraction ejslends reciprocally 
from one planet to another, and from ali the planets to the 
fixed stars, and is the cause of the orbicular motion of the 
heavenly orbs. ( It also extends to all terrestrial masses of 
matter, and is ttie cause of their weight, or tendency to ap- 
proach the centre of the earth) 

The force of gravitation is directives the quantity of mat- 
ter, and inversely as the square of the distance. <TTie quan- 
tity of matter bemg given, and the attracting force at a cer- 
tam distance, say four feet, being known, then this force will 
increase, or diminish, as the souare of the distance.^, Thus, if 
one body attracts another, at the distance of two feel, with a 
force of 36 pounds, then at the distance of four feet its force 
of attraction will be only } as much,[br 9 lbs., and so in this 
ratio whatever the distance may be, [See Natural PkilO' 
sopky.) 

By attraetion of cohesion, or aggregation, is meant that 
force which tends to preserve bodies in masses by acting on 
the particles of which they are compoaed.j This attraction 
is supposed to act only at insensible distances, as when the 
atoms of bodies touch each other, and only when the par- 
ticles of matter are of the same kind. 

Chemif.al Attraction is that power which forces the particlek^ 
of bodies of different kinds lo combine and form a compound. J 
This force is also called affinity, because this kind of union 
takes place only between particular substances. Like the 
attraction of cohesion, it acts only at insensible distances, that 
is, the particles of bodies must be brought into the immediate 
vicinity of each other before they will combine. But it dif- 
fers from cohesive attraction in taking place only between 
heterogeneous atoms, or among particles of different kinds of 
matter. Several other kinds of attraction are described, {Stt 
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Natural Philosophy.yhat it is chemical ftttmction, or affinitjr, 
which must more immediately occupy our attention hereo 

Affinity. Chemical attraction is a subject of (he hig^heat 
importance it) the study of chemistry, aiace a knowledge of 
the whole science includes little more than an acquaintance 
with the laws and eflects of affinity, that is, of chemical al- 
traction and repulsion.^ 

We hare already noticed that this science. is founded on 
experiment) and from deductions arising- from &cts thus dis- 
covered. Now chemical experiments are only the means of 
discovering chemical affinities, and a knowledge of these affi- 
nities are the fects on which the whole science is founded. 
CBy experimenhwe know that some bodies have an affinity 
10 each other ; that is, we know that on presenting them to 
each other under certain circumstances, ihey will combine, 
and form a third substance, which differs from either of the 
first We know also by the same means, that oihei substan- 
ces, when presented together in the same manner, will repel 



each other; that is, they will not combine, nor can they be 
made to unite so as to form a third substance. , 

CThia kind of knowledge it is impossible for man to acquire 
without actual experimenf) for by no process of reasoning 
could he ever determine before hand, whether two bodies 
would attract or repel each other, any more than he could 
tell what they were composed of by mere inspection. 

CWe know, for instance, that when we mix acid and. water, 
the two liquids unite, or blend together ; now, by reasoning 
from analogy, we should have the same grounds for believing 
that any other fluid would unite with water, that we had for 
believing that an acid would, and therefore that oil and water 
would combine, as well as acid and water? " But experiment 
shows, that on this subject, neither reason nor analogy lends , 
us the least aid, for, on mixing the oil and water, we find 
that they mutually repel each other, and though blended to- 
gether by force, tney again separate as soon as the force is 
removed. 
It is then^nly by actual experiment that we can decide 
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wh^er two bodies have an affinity for each othen and con- 
sequently whether they are capable of forming ti chemical 
compound, or not. 

There are several circumstances which affect the results of 
chemical affinity, or conditions on which its action depends, 
which will be mentioned in their turnip There are also se- 
'veral kinds of affinity, which have received different names, 
depending on the conditions under which its action takes 
place. Tlfese appellations and conditions will also claim at 
tention as they occur. 

With a few exceptions, the first condition necessary to effect 
chemical combination is, that one or both the bodies should be 
in a fluid state, since however strong the affinity of two bodies 
may be to each other, their particles cannot unite unless they 
are free to move. Hence, lo effect the combination of solids, 
their cohesion must first be destroyed eiiher by solution in a 
fluid, or by means of heat. The acids and alkalies have a 
strong affinity for each other, but on mixing them, even when 
in the finest powder, no chemical combination ensues, because 
in all chemical compounds the union, takes place between lh» 
atoms of the combining substances. 

But on pouring a quantity of water upon such a mixture, 
chemical action instantly ensues, and\a third substance, dif- 
fering entirely from the alkali or the acid, is the resuh of the 
combination. This compound is called a salt. 

In like manner, if zinc and copper be reduced to the finest 
powder, and mixed ever so intimately by mechanical force, 
there will still be no intimate union between their particles. 
But if heat be applied so as to reduce them fo a fluid state, 
they combine with considerable energy, and form a yellow 
alloy, called bTass, which differs greatly from the zinc or 
copper of which it is formed. 

Simple Affinity. The most simple cases of affinity are 
afforded by the mixture of two sulslances which have the 
power of combining with each , other, in 'any proportion. 
Waler and sulphuric acid, or ivater and alcohol, form such 
combinations. What are termed neutral salts, which are 
formed by the union of a pure acid, and a pure alkali, are 
instances of the same kind, only thai ihey do not combine in 
all proportions. In a great variety of instances, after two 
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sobalancce hare combined, when mixed alone, or irithoiS 
the admixture of any other eubstance, this first union may 
be destroyed by tfaA intervention of another, oi a third sub- 
stance, having a stronger attraction for one of these sub- 
Blances than they have for each other. This forms an in- 
stance of what has been termed by Bergman, Elective Af- 

Single Elective Affinity, is exerciBed when one composr 
tion is destroyed, and at the same time another is formed 
There are many familiar examples of this kind of decompo- 
sition, some of which we witness ahnost every day. Cam- 
phor dissolved in alcohol or in strong spirit^ makes a trans- 
parent solution ; but if water be poured into this solution, it 
instantly becomes turbid, and the camphor separates from its 
connection with the alcohol, and rises to the surface of the 
fluid. This separation takes place because the alcohol has ' 
a 'Stronger affinity for the water than for the campho^ and 
tlie turbidness is caused by the insolubility of the camphor in 
water, in consequence of which it lakes the solid fonn. 

Soap is composed of oil, an alkali, and water. The oil and 
water have no affinity for each other, but the alkali has a 
strong affinity both for the oil and water, and consequently 
the three substances unite and form a compound. But if an 
. acid be mixed with a solution of soap, the compound is de- 
composed, for the alkali has a stronger allraction for the acid 
than for the oil and water, and consequently the oil is rejected 
and rises to the aur&ce, while the acid and (he alkali form a 
new compound. 

This affinity is called elective, because when one substance 
IS mixed with several others it seems to manifest a choice be- 
tween them, and elects one whh which it unites, to the rqec- 
tion of the others. 

I It is most probable that every substance has an afRmty for 
o^y other substances. We Imow indeed that this is true in 
a great variety of instances, since experiment shows that one 
eubstance will form several compounds with other substances, 
in succession, and that these compounds may in succession 
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be destroyed by the application of othei substances whicb 
have a stronger affinity to the firEt 

As an example, suppose sulphuric acidf or (he oil of vitriol, 
to be the first substance, or the one towards which several 
other substances have a chemical attraction, but in different 
degreee of force, then a compound formed betwten the acid 
and the substance having the least affinity, will be destroyed 
by the substance having the next stronger degree of affinity. 
and this second compound would be decomposed by the sub- 
stance having the next degree of affinity, and so of every 
substance having a stronger attraction for the acid. 

" Thus, sulphuric acid has an affinily^or barbies, stroniian, 
fotash, soda, lime, ammonia, and magnesia^and the force of 
this affinity is in the order in which they ate named ; that is, 
barytes has the strongest and magnesia the weakest. A com- 
pound therefore of magnesia and sulphuric acid would be de- 
composed by the addition oframmoniaj and one of ammonia 
and the acid, by the addition of lime, and so on /but none of 
these substances would decompose that formed between the 
acid and barytes,' because these substances have the strongest 
affinity for each other. 

No chemical facts appear on first view more simple or in- 
.telligjble than those which are e.tplained by the operation of 
elective affinity. But we shall find on a mote minute e.tami- 
nation, that this force abstractedly considered, is only one of 
several causes, which are concerned in chemical decomposi- 
tions, and that its action is modified, and sometimes subverted 
by counteracting causes, to be mentioned hereafter. 

Double Elective Apnity, lakes place 'whenever two 
compounds, each consisting of two ingredients, mamally 
decompose each olher, and by a double interchange of these 
principles form two new compounds. ' We have seen that 
m single elective affinity, one new compound is formed bv 
the addition of a single substance, while the ingredient thus 
rejected remained uncombined, or alone, in the_, solution. 
Thus, when lime is added loa compound of magnesia and 
sulphuric acid, the lime and acid unite, while the magnesia 
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18 rejected, and remains Boiitary in the soIuIIod, liaving; no- 
thing on which to bestow its affinity. 

In double elective affinity, an interchange of the principles 
belonging to each compound is effected, and thus the old 
compounds aie destroyed, and new ones formed; and it is 
curious and interesting to observe the consequences, of what 
we should call the lOcts and dislikes at the particles of mat- 
ler for each other, were they animated. 

It often happens, That a compound of two ingredients can- 
not be destroyed by the application of a third, or fourth in- 
gredient, separately ; but if the third and fourth be combined, 
and then the two compounds be brought into contact with 
each other, decomposition and interchange of principles will 
ensue. Thus. Gulphate of soda is composed of soda aad 
sulphuric acid, and is (he substance called glwuber'.s salt 
Now when lime is added to a solution of this salt, there en- 
sues no decompositionj because the soda attracts the acid, 
more strongly than the acid attracts the lime. If muria- 
tic acid be added (o the same solution, there still follows no ■ 
decomposition, (because the sulphuric acid has a greater 
affinity for the soda, than the soda has for the muriatic acid. 
Bnt if the lime and muriatic acid be previously combined, 
forming a muriate of lime, and this compound be added to 
the solution of the sulphate of soda, then a double decompo- 
sition follows, and two new compounds are formed out of the 
old ingredients. The lime of the muriate of lime, and the 
sulphuric acid of the sulphate of soda, having stronger af- 
finities for each other, than the first has for muriatic acid, 
or the second -for soda, mutually abandon their old connec- 
tions, and having combined with each other, form a new com- 
pound under the name of sulphate of time. The soda and 
muriatic acid being thus rejected, and their former unions 
diaaotved, they combine themselves anew, and form another 
compound, known under the name of rnvriate of toda, or 
common salt. These changes will perhaps be better under- 
Btood by the diagram, which foUows. 
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MuTUitt of Soda. 




Sulphate of time. 
On the outside of the vertical brBckels are placed the names 
oflhe original compounds, sulphate of soda and mamte ol 
lime, and above and below the diagram those of ihe new com- . 
pounds. The upper line is strait, to indicrate that the muri- 
ate of soda remains in solution, while the middle of the lowei 
one is directed downward, to show that the sulphate of lim« 
is precipitated, or fiilts to the bottom of the vessel. 
Ca»M lohiak cownteract or modify the effects of ehemicai 
affinity- 
It has been stated ibat LQe effects of chemical action are 
o&ea modified, or even subverted, by counteracting causes, 
The principal causes which have a tendency to counteract 
chemical combinations aie\eDheiion, ^aniity of matter, elat- 
iieity, and gravity- 
Cohesion. By cohesion, wemeanithat attractive force by 
which the particles of bodies are kept together, and in conse- 
quence of which, masses are formed. This force may modi- 
fy, or entirely co'jnteract that of chemical attraction j for the 
more strongly the particles of any substance are united, the 
greater the obstacle to a chemical union with those of other 
bodies, because the successful effects of affinity depend on a 
mutud penetration of particles. Hence the formation of che- 
mical compounds, wiui some exceptions, requires that at least 
one of the ingredients should be in the slate of a liquid, so 
that the particles of each shonld have free mutual access. 
Where the affinities are strong, and the cohesion slight, the 
umon is effected with considerable energy, under such cii- 
cumstancea. Thus, masseaof carbonate of ammonia, of con- 
siderable size, will be dissolved by nitric acid ; but when the 
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feice of coheaion is great, it is n strong Wrriei to the opera- 
tioii of affinity. Thus, a mass of carbonate of lime, or mar- 
ble, will remain for days ia an acid, when, were it reduced to 
powder, it would be dissolved in a few minutea 

In all such cases, therefore, mechanical division is required 
before rapid solution, or intense chemical action, can be ef- 
fected. Cohesion being thus overcome, solution ia readily 
accomplished, tiecause the solid now presents a greater extent 
of Bur&ce to the action of the fluid. 

Heat is another means of counteracting the cohesion of 
bodies, the repulsive power of caloric being indeed the great 
opposing force of (hat of cohesion, and provided its quantity 
be proportionate to the force of attraction, will so overcome 
it as to render all solid bodies liquid. Different substances, 
4 is obvious, require diflerent degrees of heat for this purpose. 
Thus, the cohesive force of such bodies as are called liquids, 
la so counteracted by the heat of ordinary temperatures, as to 
make their particles easily moveable among each other, a 
circumstance on which their liquidity depends. But many 
of these substances, such as water and oil, by the abstraction 
of heat, become solids, because then the repulsive force of 
caloric becomes less than the attractive force of cohesion. 
On the contrary, in bodies which we term solids, the attract- 
ive force of cohesion is greater than the repulsive power of 
caloric, and hence at all ordinary temperatures, their parti- 
cles are hxed and immoveable among themselves, a circum- 
stance on which their solidity depends 

We have stated that the exercise of affinity depends on the 
state of the substances concerned, and that in general, one of 
them must be in a fluid state. In most instances, solution is 
effected in some liquid, as an acid, alcohol, or water. But 
to produce metallic alloys, the metals must be brought to a 
liquid state without changing their properties, and this can 
be effected only by means of caloric. For this purpose, it is 
only necessary that one of the metals, viz. that requiring tne 
bigneat degree of heat, should be melted, and the other throwu 
into this in small pieces. 

Quantity of matleT. Experiment teaches that quantity of 
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matter cSerts an impoitanl influence over chemical Heeoni- 
positions and solutiot<s. Thus, we know precisely how much 
sulphuric acid, for instance, will neutralize a g'iven quantity 
of potash, when in a free state. But if the same quantity of 
potash be first combined with nitric acid, forming' nitrate of 
potash, or saltpetre, then more of the sulphuric acid is re- 
quired to detach this quantity than before, probably because 
some force is employed to destroy the union pfeviously exist- 
ing between the nitric acid and the potash, and also because 
the affinity of the two substances for each other diminishes 
when both are nearly saturated. 

In making a solution of a metal in an acid, it may be ob- 
served, that the chemical action is much more energetic at 
the beginning of the process then aftenvards, and that if no 
more acid be added, than is just sufficient to dissolve the me- 
tal, the action finally becomes so feeble as to require a day or 
two to complete the combination. But if, in this state, more 
acid be addi^d. the action again becomes brisk, and the metal 
is soon dissolved. 

Elasticity. Cohesion being found an obstacle to the exer- 
cise of affinity, it might be expected that the contrary slate, 
that is, the absence of cohesion, would facilitate cKemical 
combinations; but experiment determines otherwise. In the 
elastic fluids, such as the gases, and common air, cohesion 
may be considered as entirely wanting. . But bodies of this 
kind, though having a strong affinity to each other, show 
little disposition, under ordinary circumstances, to combine. 
Thus, oxygen and hydrogen, "though in different electrical 
states, may be mixed together in the same vessel for any pe- 
riod of time, without the least symptom of combination. ' The 
reason of this, is probably owing to the distance of their par- 
ticles, which prevents that near approach to each other, requi- 
ted to come within the sphere of mutual attraction ; for if the 
two gases be subjected to pressure by means of the liitle in- 
«rument called a fire pump, Fig. 11, they unite ivith explo- 
Kve energy. 

The elastic property not only opposes the chemical union 
of bodies, but is often an agent by which their decomposition 
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chemical union. (In the first, no affinity between the aub 
stances exists, and therefore no union takes place, and tlM 
chalk or clay falls to the bottom of the vessel. In the second, 
there is a combination between (he particles of which the 
substances are composed, owing to the affinity existing be- 
tween them, and hence they are not separated, except by a 
stronger force than that of the existing &flinityj 

'The changes that accompany chemical action, are in some 
proportion to its intensity) In (he instances above named, 
where water is mixed with a small quantity of acid or salt, 
this action is feeble, and (he sensible changes produced in- 
considerable, being only a slightly acidulous, or saline taste, 
^iven to (he water. /But in cases where the chemical action 
is intense, the changes produced in the combining substances 
are often great in proportion.j Thus, when the two gases, 
oxygen and hydrogen, are burned together, their combination 
is attended with most intense chemical action, by which ths 
highest degrees of heat are evolved, and at the same time 
the change produced is no less than the condensation of two 
elastic gases into the fluid water. 

Many substances which are highly corrosive, in a sepa 
ra[e state,' become mO^ and lose all their acrid qualities oy 
combination with each othei^ Sulphuric acid and potash, 
for example, are highly caustic substances. They both act 
with great energy on animal and vegetable bodies, producing 
decomposition and total destruction of texture. The acid 
turns the blue colors of vegetables (o red, and (he alkali turns 
these colors to green. But on mi.iing these substances to- 
gether, they entirely destroy the caustic qualities of each 
other, and there results a solid compound, called sulphate oj 
potash, which is mild to the taste, and neither acts on animal 
or vegetable bodies, nor changes the colors of the latter. 
This is called a neutral salt, because the substances of which 
it is composed, thus neutralize (he active properties of each 
other. 

When the opposing properties of chemical agents are thus 
destroyed by combination, they are said lo saturate each 
other, and it is found that the acrid and caustic qualities of all 
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the acids and alkalies are weakened id proportion as one is 
added to the other, until the point of sataration is attained, 
when the compound becomes neutral, and is not ofiected by 
a further addition of the acid or alkali, which forma a part of 
its composition. 

(A change of btdk is also in man^ instances the result of 
chemical union, so that the two bodies after combin^ion, do 
not occupy the same space asftefore.) Thus, when a pint of 
■olpburic acid is mixed with a pint of water, the chemical 
action is bo great as to raise the Uiermomeler above the boil- 
ing point, and the resulting compound will not measure two 
pint%aB before the mixture, but considerably less. 

When zinc and copper are fused together, the resulting al- 
loy has a specific gravity greater than the medium specific 
gravities of the two metals, showing that their bulks are di- 
minish^ by the union. The same happens when alcohol 
and water are mixed; and in general it is foun^j that the re- 
sulting body after chemical combination has a greater speci- 
fic gravity than the mean of its components. 

Another change often produced by the exercise of affinity, 
18 that of colour. The alloys of any two metals do not ex- 
hibit the medium of their two colours. Thus the while me- 
tal, zinc, and the red one, copper, when melted together, form 
(he yellow compound, brass. The colours of the metallic ox- 
ides differ according to the quantities of oxygen they contain. 
The black oxide of mercury contains 200" parts of the metal 
and 8 parts of oxygen, while the same quantity of the metal 
combined with 16 parts of oxygen, forms, the red oiide of 
mercury. We have already had occasion to notice, that blut 
vegetable colours are changed to red By acids, and to green 
Dy alkalies ; and in addition to this, we may stale generally, 
that all vegetable colours are changed, more or less, by the 
application of these agents. 

There is still another change, which is the effect of chemi- 
cal affinity, and ts oflen highly important ; this is the change 
of form. Of this change chemistry exhibits a great variety 
of examples, many of which are highly curious and interest- 
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ing. Thus, if a saturated solution of muriate of lime in wa- 
ter, be mixed with a small quantity of sulphuric acid, th« 
two fluids immediately becume a solid. This chang'e is pro- 
duced by the eierciae of affinity. The muriate of lime is 
composed of lime and muriatic acid, and of this salt, water will 
dissolve a large quantity and still remain fluid. The sulphu- 
ric acid has a stronger attraction for lime than the muriatic ' 
has, and ihe sulphate of lime #3 nearly insoluble in wateE 
When therefore the former acid is added to the solution, r 
sulphate of lime is formed, which in a spongy form occupiea 
the whole vessel. On the contrary, if equal parts of alum 
and acetate, or sugar of lead, be tubbed forcibly togethfr in 
a mortar, they form a compound mass which is nearly fluid. 
The cause of this change (rom (be solid to the semi-fluid 
state, is also easily explained. The alum and sugar of lead 
contain a quantity of water, called the water of crystalhzation. 
When they ^re forcibly rubbed together, the elements of which 
they are composed, unite in consequence of mutual affinity, 
and thus the waterof crystallization is set free, and occasions 
the partial fluidity of the mixture. The great changes which 
the two gases undergo in the formation of water, have aj. 
ready been mentioned. Similar changes, 80 fej as respects 
the condensation of elastic fluids and liquids, are phenomena 
which are frequently witnessed in experimental chemistry. 
Thus, water absorbs about 500 time its own bulk of the gas, 
colled ammonia, which is in this manner condensed, and 
forms a part of the liquid. The compound thus formed is 
knoAvn by the name of spirit of hartthom. Quicklime, in the 
process of slacking, absorbs a large quantity of water, which 
by this combination becomes solid, and forms a part of the 
dry lime. 

In the formation of the gases, on the contrary, there is an 
immense increase of bulk. When water is decomposed and 
made to assume its elementary gaseous form, there is an in- 
crease of bulk nearly equal tofaOOO volumes."; That is, a 
cubic inch of water contains 662 cubic inches of oxygen, and 
1325 cubic inches of hydrogen ; thus the" volume is in- 
creased 1987 times by the decomposition. The explosion 
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of gnn powdeT is anothei example of the rast increaM of 
volume by chemical decompOBilion, 

FbTce of Chemical Affinity. Althaug'h it is aaceitained, 
by means already described, that the affinity of one body ibr 
a number of othera, is not of equal force, yet ne aie i^orant 
lurw much difi*erence there is in the forces of these differeat 
de^ees of affinity. 

(The only means of deciding this question is to observe the 
tendency which several substances have to unite wilh the 
same substance, under similar circumstances.^ Oxygen, for 
instance, as a universal agent, might be seleaed as a stand- 
ard, and the force of affinity between this and other bodies 
be estimated by their degrees of osidaiion under the same 
circumstances. We know that there is an immense differ- 
ence between the forces with which different bodies attract 
(his principle. Some of the metals, for instance, absorb 
oxygen with such avidity, that they cannot be preserved in 
their metallic stale when exposed to the atmosphere, even 
for a short time ; while others have so little affinity for this 
principle, that they cannot be oxidated without the most ener 
getic means. Thus, potassium (see this word) attracts oxy 
gen with such force as to decompose water, at common tem- 
peratures, by absorbing it from the hydrogen ; while the 
affinity of plaiina or gold for this principle is so weak as not 
to attract it at all, except at the highest degrees of heat, or 
from acids which impart it most easily. 

We may constantly observe the etTect of the different 
forces with which several metals attract oxygen in the com- 
mon affairs of life. Thns, iron and lead, when exposed to 
the moisture of the atmosphere, soon tarnish, and after a 
lime, by the absorption of oxygen, their surfaces become 
covered with rust, or the oxides of iron and lead. But silver 
and gold when exposed in the same manner, continue bright 
and untarnished for years, as may be observed in the points 
of lightning rods, and the gilded vanes and halls of church 
steeples. This difference can only arise from the different 
forces lyilh which these metals attract the oxygen of the at- 
mosphere. 

"riiere is no department in chemistry, either as a science. 
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>r an art, which bo much needs the rareatigation of ahle men 
as this. Tables of affinity, showing at once the force of at* 
traction between di&erenl chemical elements, would enable 
the inquirer, without (urthet experiment, to decide what sub- 
stance would decompose any given compound, and therefore 
how to separate, or combine, the difiereni principles of bodies 
for a Tast variety of purposes. Tables lo a very limited ei- 
tenl have already been constructed for such purposes, but the 
difficulty and magnitude of this subject seems to have deter- 
red the more modern chemists from engaging in this . exten- 
sive department of the science. 

Indefinite and Definite PropoTtioTtt. 

It is ascertained bv experiment that some bodies unite in 
unlimited, or indelimte proportions, while others combine in 
proportions which, are always limited, or. definite. 

The discovery of the laws of definite proportions is one nf 
the most important and wonderful among the great and bril- 
liant achievements in modern chemistry. It is sufficient of 
itself to convince any reasoning mind, that order and system 
pervade the universe, and that the minutest atoms of matter, 
and the vast orbs that move round the heavens, are equally . 
under the control of the invariable laws of the Creator. 

Indefinite proportions. When we mix water and alcobol, 
ur water and any of the acids, they unite in any prnportion. 
Thus, a drop of acid will combine with any quantity of water, 
tnd water will unite in the same manner with alcohol, or acid. 
This principle may be tested by direct experiment ; for if a 
ffallon of water be tinged blue by a vegetable colour, a few 
irops of sulphuric acid will turn every drop in the gallon to 
a red colour, thus proving, that this small quantitjr of acid has 
diffiised itself through the whole metss. By similar experi- 
ment it can be shown that a small quantity of water will dif- 
*uae itself through a large quantity of acid. These examples 
prove that some bodies combine m anlimiied proportions on 
both sides. 

Other combinations appear to be limited on one aide, and 
unlimited on the other. Thus, common salt, and other saline 
substances, mil dissolve in water in any proportion short of 

Wblt wniU be iIm im of uii\iis, ahDwIng Lhe lores af aurBCIion betwMn dilOieiM 
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tne point of saturation, after which, if more be added, it iviU 
fall to the bottom of the Tessel aod remain solid| The great- 
est proportions in which water and common salt combine, 
are those oft'lOO of the former, with 40 of the ktier; but the 
smallest quantity of salt will diffuse ilself through the largest 
qnatUity of water, and the probable reason why salt does not 
unite with water in eveiy proportion, is, thai its cohesion 
resists the feeble affinity of the fluid after it becomes satura- 
ted. 

In all cases where bodies combine with each other in eve- 
ry proportion, or where the proportions are limited on one 
side, and indefinite on the other, the force of affinity by which 
such compounds are formed is feeble, and the compounds 
themselves often dtfier but little from the original ingredients. 
Thus, alcohol and water combine in all proportions, but the 
union produces only a modification of the qtialitiea of each, 
he deo- ee of which depend on the proportions of the mix- 
and he f rce of affinity between them is so weak, that 
d Ua on by a gentle heat, entirely destroys their union. 
Solu ons of he salts, sugar, acids, and many other princi- 
ples a e examples of the same bind ; a moderate heat, and 
som m s aporation, without heat, will dissipate the water 
and I a e he other ingredients in their former slate. 

In these, and a great variety of other instances, although 
the force of affinity is slight, stilt there is n wide difference 
between such compounds, and .mere mechanical mixturee, 
since the latter are separated by rest, while the ingredients 
of the former are not separated by rest, filtration, or any other 
mechanical means. 

These solutions, or combinations, formed by feeble affini- 
ties, resemble mixturesfln respect to the slight changes which 
(heir ingredients undergo by uniting^ while thay resemble 
chemical compounds 'in respect to the insepanible nature of 
(he union, by mechanical means.' 

The writer of the article CAemistT^ in the Library of 
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Useful Knowledge, haa called sucli slight combiaations Che- 
ni€al mixtv/res, in order to disiinguisii ihem from compounda 
fonned by energetic affinities, and which come within tne law 
of definite proportions. 

But as the student will find in most books on this subject, 
that mixtures are distinguished from compounds only by the 
means necessary to separate their ingredients, we have 
thought best, at present, to continue the same division ; at p 
the same time, having it distinctly understood, that the uni- 
Tersalily of definite proportions, applies only to energetic 
combinations. 

Definite Proportions. 

By definite pTopoTtions in chemistry,^! is meant that tho 
mgredients, or elements of chemical compounds, unite with 
each other in rertain proportions onlyjjand that these propor- 
tions in the same compound, are under all circumstances in- 
variably the same. The proofs of this doctrine are estab- 
lished by experiments conducted with the most rigid exact- 
ness, and it IS true, beyond all controversy. 

The Subject of definite proportions may be conveniently 
treated of, under three several propositions or taws, it being 
understood that the proportion of hydrogen in water repre- 
sents unity or 1, and that this is the common unit to which 
all the other numbers refer. 

First, The composition of all chemical compounds is fixed, 
and invariable. 

Experiment shows that some bodies combine in only one 
proportion. Thus, there is only one compound *)f zinc, and 
oxygen, called the oxide of zinc. Other bodies combine in 
two proportions. Thus, there are two oxides of copper, one 
of wbico is composed by weight of I pVoportion of oxygen, 
and 8 of copper, and the other, 2 of oxygen, and 8 of copper. 
Other bodies again combine in three, four, five, or even six 
proportions, the latter being the greatest number of compounds 
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known to have been formed by any two substances, within 

the limits of delinite proportions. 

The proportions of any given compound being invariably 
the same, it follows that its characteristic properties depend 
on these proportions, and that if these proportions are changed, 
^he compound will contain new properties, and therefore a 
new substance is formed^ As an example of the change 
produced on the compound, by a different proportion of one 
of its constituents, we will cite mercury and chlorine, {see 
chlorine.) These two substances unite in two proportions, 
the first of which is composed of mercury 200, and chlorine 
36. This forms the well known medicine called calomel, and 
is sometimes given in doses of a tea-spoonful at a time, with- 
out injury. The other is composed of mercury 200, and 
chlorine 72, being one more proportion of chlorine, than is 
contained in the calomel. But the two compounds in their 
sensible qualities are entirely difTerent, the latter being one 
of the most active and fatal of poisons, and is known by the 
name of corrosive sublimate. Thus two substances uniting in 
one proportion, form a compound which is comparatively 
inert, while in another proportion they form one of the most 
virulent- poisons known. Nor is there any medium, or half 
way union between these bodies ; they combine in these two 
proportions or not at all. For. suppose 200 patts of mercury 
should be e.Yposed to the action of 40 parts, by weight, of 
chlorine, then the mercury would combine with 36 parts of 
the gas, and no more, leaving the other 4 pails remaining uri- 
touched. And so, on the contrary, if 210 parts of the mela. 
be exposed lo the action of 36 parts of the gas, then the gas 
will combine with 200 parts of the mercury, while the 10 
parts would remain uncombined. 

In all energetic combinations the proportisns of the com- 
bining substances are limited in the same manner, though 
the proportions themselves are exceedingly various. Indeed, 
it appears that the law of limited proportions, is as universal 
and as permanent as the law of gravitation itself, and that 
its doctrines, so &r from being founded on the theoretical 
Opinions of men/are in truth tesed on a general, but more 
recently discovered law of nature. ' 
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Second. Wktn two fubttances unite in more Ikan onepro- 
porliim, the itcond or Ikird proportion) are mulCiplet of tht 
first, by a wkoh number. 

Thia very remarkable law applies in every case where 
bodies unite with each other in more than one definite pro- 
portion. The e.tpresaion of the law, simply means, that the 
first proportion in which two bodies unite, is in the lowest or 
smallest proportion in which the two constituents are capable 
of uniting with each other, and that the other proportions arc 
double, triple, or quadruple, this lowest proponion. 

For example, the several compounds of nitrogen and oxy- 
gen are in the following proportions to each other, viz. i 

NiuogML Oxygen. 

Nitrous oxide, consists of 14 parts, and 8 parts 
Nitric oxide, " 14 " 16 " 

Hyponitrous acid, " 14 " 24 " 

Nitrons acid, " 14 " 32 " 

Nitric acid, " 14 " 40 " 

Thus the lowest proportions in which oxygen and nitrogen 
combine, being to each other as the numbers 8 and 1 4, all the 
other proportions of o.tygen are multiples of this first number, 
while the proportion of nitrogen remains the same. The se- 
cond number is the firiit midliplied by 2; the third, the first 
multiplied by 3 ; and so on. These proportions are thercforb 
to each other, as the numbers 1, 2, 3, 4, and 5, 

Illustrations of this law can he observed throughout every 
department of chemistry, where the analysis of chemical com- 
pounds are given, and with a single exception, or two, where 
it is most probable the fault is either in the analysis or the 
want of knowledge, the same principle is found to be exactly 
true. One of these exceptions is found in an oxide of man- 
ganese, and will be pointed out hereafter. 

On these discoveries is founded the law, called the lav) of 
multiple proportions, a phrase which is ot\en repeated in all 
the late works on Chemistry, and of its general truth, as 
already observed, there can be no doubt. In the above ex- 
ample, all the succeeding proportions of oxygen are multi- 
ples of the first. 
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T^etturd law of combination is nearly connected withthfl 
^st, though the difieience of expression and of meaning' (viD 
be obvious. This law is not less extraordinary than (hat of 
multiple proportions, and maybe understood by the following 
examples given by Dr. Turner. 

Water, we have already seen, is composed of 8 oxygen and 
1 hydrogen ; hyposnlphuroua acid is composed of 8 oxygen 
and 16 sulphur. Now it is a curious fact, that the gas, called 
sulphuretted hydrogen, is constituted of 1 hydrogen and 18 
sulphur ; that is, the quantities of hydrogen and of sulphur 
which combine tvilh the same quantity of oxygen, combine 
with each other. Again, 36 parts of chlorine and 8 of oxygen 
constitute the oxide of chlorine, and with 1 of hydrogen, form 
muriatic acid gas; also 16 parts of sulphur combine with 36 
of chlorine (o form the chloride of sulphur. Hence bodies 
unite in proportional numbers, as in the above instances the 
proportion of hydrogen is 1, that oi oxygen 8. that of sulphur 
I6,and thai of chlorine 36. 

/But this law not only applies to the elementary parts of 
substances, such as hydrogen, oxygen, chlorine, ana sulphur, 
but also to compound bodies ; whose combining proportions 
niay likewise be expressed by numbers. 

Now the proportions of any compound being expressed by 
the numbers attached to each element of which it is compo- 
sed, the number representing the compounds, is composed of 
the Bum of its parts, or elements. ^Tnus water is composed 
of oxygen 8, hydrogen being i, and its combining proportion 
will therefore be 8+1=9. When one element combines 
with aroiher in several proportions, the number representing 
the single proportion, and those representing the several other 
proportions, are added together to make up the combining 
number of the compound. Thus, sulphuric acid is compost 
of one proportion of sulphur 16, and three proportions of 
oxygen; and as one proportion of oxygen is 8, so the whole 
number representing the oxygen in this acid is 24; to which. 
16 being added, makes the number representing sulphuric 
acid to be 40. 

Wbu it Uie iliird law [^deSniu pTDponioDB) Explnlii ihia lin. Buppcoe 64 ispnteua 
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kunbei for ibe compmmd ha laindt Wtuu u* Um nuinben tOc brdngan (Hi 
oxr^en in water 1 
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It must be Teiaembeied that the smallest proportion, by 
weight, in which an element ia found to combine, is lh« 
(ilea number by which that element is always represented. 
Oxygen ia invarisbly represented by 8. because this is the 
smallest proportion in which it is known to combine with 
any other substance. Thus, also, water is composed of ozy* 
gen 8, and hydrogen 1 ; potash of oxygen 8, and the raetal, 

Etossium, 40, The lowest proportion in which sulphur is 
lown to combine with any other substance is 16, and there- 
fore sulphur is always represented by this number, tyhus 
sulphuret of lead is composed of 1 proportion of sulphur 16, 
and one of lead, whose combining number is 104^ Its num- 
ber therefore ia 16+104^120. We have just mentioned 
thai the combining; nnmber of any compound is represented 
by the sum of its simple, or elementary pans. This will now 
be understood ; for by adding the numbers representing the 
elements in each of the above examples, we shall have Uiose 
by which the compounds are represented. The number for 
water, as already shown, is 9 ; the number for potash is 48, 
viz. 8 oxygen an j 40 potassium ; that for sulphuret of lead 
is 120, viz. sulphur 16, and lead 104. 

By remembering the combining weights of the elements 
of any compound, the number representing that compound 
may at once be known. For example, hydrate of potash is 
composed of water and potash; water ia composed of oxy- 
gen 8, and hydrogen 1=9. Potash is composed of potas- 
sium 40, and oxygen 8=48, These two sums being added, 
Tiz>9+48™,'57, Thus the number for hydrate of potash is 
57. Again, the salt called mlpkate of potash is compounded 
''of sulphuric acid and potash.' Now to find the number re- 
presenting its combining proportion, we have only to remem- 
ber that sulphuric acid is composed of one proportional of 
sulphur 16, and 3 proportionals of oxygen 24, and that the 
sums of these two numbers are 40, The number for potash, 
as above seen, is 48; therefore ihe number for sulphate of 
potash, being the sum of these two numbers, is 40-|-4Sa>88. 
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It is unnecessary lo adduce further examples, iince the in- 
tdligent student wili be able to understand from the aboTO 
epitome, not only on what kind of fecis the laws of definite 
propOTtJons are founded, but will also, it is hoped, be able to 
apply the above principles to the proportional numbers of th« 
most common substances to be mentioned hereafter. 

Combination by Volumes. The doctrine of definite pro- 
portions was founded on the suggesiions of Mr, Higgins, of 
Glasgow, published in 1 789. But it was Mr. Dalton, of Man- 
chester, in England, who established the laws of chemical 
■ combinations, and who has ihe merit, of not only discovering 
almost all that Is known in the details of this subject, but also 
of having brought it distinctly before the world. Mr. Dalton 
published his views of the doctrine of definite proportions, in 
1808, soon after which, Gay Lussac, a French chemist, pro- 
ved by a publication in one of ihe joumalsrthal caBcs unite 
in simple and definite proportions, and an;ong other instan- 
ces, showed that water is composed precisely of 100 volumes 
of orygen, and 200 volumes of hydrogen. It was afterwards 
shown by the same author, that other gaseous substance's, 
which are capable of a chemical union with each other, unite 
in definite proportions, by measure, or volume, and that these 
proportions are in the simple ratio of 1 to 1, 1 to 2, 1 to 3, 
ana so on, as above stated. 

These observations have since been confirmed by nume- 
rous experiments, instituted by the first chemists of the age, 
and at present it is as fully established, that the law of defi- 
nite proportions extends to the volumes of gases, as it does to 
their weights and to those of solids. As an illustration of the 
truth of this law, we adduce the condensation of hydrogen 
and oxygen by combustion, because these gases are more 
generally known than any others, and because their combi- 
nation is also one of the most familiar examples of definite 
proportions by weight. The apparatus for this purpose it is 
tmnecessary to describe, it being sufBcienl for our present 
purpose, to state that the experiment has often been made 
with the most" infellible accuracy. 

The invariable proportions in which oxygen and hydrogen 
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combine, are by Tolume 1 of the first and 2 of the last, aud 
by weight 16 of oxygen to 1 of hydrogen^ Thus the speci- 
fic gravities of these two gases are to each otherr'as the num- 
bers 1 and 16^ that is, a cubic fool of oxygen is just 16 times 
as heavy as the same bulk of hydrogen. The reason why 
hydrogen is represented by 1, as its combining proportion, by 
weight, while ita combining volume is double that of the oxy 
gen, will be seen hereaAer. CThe mode of ascertaining the 
comparative volumes in which these two gases combine, is to 
measure them carefully, and having introduced them into a 
^Inas tube, the mixture is inflamed by an electric spark; and 
m every instance it has been found, tnat whatever tne propor- 
tions of the mixture might be in respect to each other, the ra- 
tio of combination is always the aame, and consials of two 
parts of hydrogen, and one of oxygen, by volume. When 
one measure of oxygen is mixed with three of hydrogen, 
there will remain in the vessel one measure of hydrogen im- 
combined and pure, and no continuance of the electricity will 
in (he least change this proportion ; and so, two measures ol 
oxygen and two of hydrogen, leave one measure of oxygen 

When other gases unite merely in consequence of being 
brought into contuct, and without combustion, the same law 
applies, llial is, if ihe volume of one be greater than its com- 
bming proportion, the excess remains pure and untouched. 

We give a few examples of the proportions ia which ga- 
ses unite by volume. 

Volumes. Volumes. 

100 muriatic acid gas combine with 100 ammoniacal gas, 
100 oxygen gas " 200 hydrogen gas, 

100 hydrogen gas " 50 oxygen gas, 

100 nitrogen gas " 200 oxygen gas, 

100 chlorine gas " 100 hydrogen gas, 

100 nitrogen gas " 300 hydrogen gas. 

Another curious fact concerning the union of the gases is, 
that manv of them suffer a diminution of bulk, which is also 
in a simple ratio to the volume of the one or both. Thus, when 
3 volumes of hydrogen and 1 of nitrogen combine, they in- 
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Slanlly contract into 2 volumes, or one half their former bullc, 
and form gaseous ammonia. A similar condensation lalcea 
place when several of the other gases combine. 

Chemical Eguir,ahnii. It was long since proved by Wen- 
zel, a German cbtimist, (hat when two neutral salts decom- 
pose each other, the resulting compounds are likewise neu- 
tral. That is, the acid of one will exactly neutralize the alkali 
of the other ; and although two new salts are formed by this 
mutual decomposition, they will both, like the original com- 
pounds, be equally neuiral. If one of the salts be in quan- 
tity loo large for (he combining proportions, then the excess 
of that salt will remain undecomposed in the solution, and 
only such a portion of it will be decomposed as is just suffi- 
cient to neutralize the constituents of the other salt. 

Hence, Chemical Egaivalents are those definite pTopoT- 
ti&as of one substance, which neutralize definite proportions 
of another substance. 

The truth of this law may be demonstrated by setting down' 
the combining numbers of two salts, and the number repre- 
senting the two new compounds, and then by exchanging the 
numbers representing the combining parts, the numbers for 
each compound nill be fcmd to represent thenumber for the 
new compound, and the combinea numbers of the old and 
new compounds will be equal to each other. Thus, the num- 
ber for sulphuric acid is 40, and the combining proportion of 
potash is 48, and thi-refore the number for sulphale of potash 
is 88. The combining proportion of nitric acid is 54, and 
that of baryia 78, and the sum of these two numbers is 132, 
which represents (he nitrate of baryta. Now when these 
two saUs are mingled together in solution, both are decom- 
posed ; the 54 parrs of nitric acid of the nitrate of baryta will 
saturate the 48 parts of potash of the sulphate of potaik, ma- 
king a new salt, nitrate af potash, whose combining number 
is 102. At the siime lime, the 40 parts of sulphuric acid of 
the sulphate of potash, will combine with, and saturate, the 78 
parts of (he baryta of the nitrate of baryta, forming another 
new B&\t, (sulphate of baryta, whose number will (her^ore 
be40Sddedto 78=118. ' 
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Now it maybe observed tbat the. sums of the propoTtional 
ntunbers of the old and new compounda are equal, and the 
same, and therefore that Ihere can be no excess in either at 
the alkalies or acids. This may be shown thus : 

Sulphuric acid 40 and potash 48. form sulph. potash, 88 

Nitric acid 54 and baryta 78, form nitrate baryta, 132 

Sum of the old compound, 220 

Sulph. acid 40 and baryta 78, form sulph. of baryta, 118 

Nitricacid 54 and potash 48, form nitrate of potash, 102 

Sum of the new compound, 220 

The utility of being acquainted with these important laws, 
Rays Mr. Turner, is -almost loo manifest to require notice. 
Through their aid, and by remembering the proportional num- 
bers of a few elementary substances, the composition of an 
extensive range of compound bodies may be calculated with 
facility, By knowing that 6 is the combining proportion of 
carbon, s.-nd 8 of o.tvgen, it is easy to recollect the composi- 
tion of carbonic oxide, and carbonic acid; the first being 
composed of 6 carbon and 8 oxygen, and the second of 6 
carbon and 16 oxvgen. By simply remembering, therefore, 
that carbonic oxide is composed of one proporijori of carbon, 
and 1 proportion of oxygen, and knowing that carbon is 
represented by 6 and oxygen by 8, we at once arrive at its 
composition. And by recollecting that carbonic acid has 1 
proportion of carbon, and 2 of oxygen, the composition of 
this is also known. It mav be remembered that the number 
for potassium is 40, and that when combined with one pro- 
portion of oxygen, 8, it forms potash, 48. Now by remem- 
bering these 5ata, we know without 'further trouble the com- 
position of the carboTiale and bicarbonate of potash. The car- 
bonate being composed of one proportion of carbonic acid, 
22, (thatis 6 carbon and 16 oxygen,) and one proportion of 
potash, 48, (that is, potassium 40 and 8 oxygen.) is represent 
ed by 70. The bicarbonate is composed of one proportion 
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of potash, 48, and two of carbonic acid, 44. and its number 
ifitnerefore 92. 

Again, having in the memory the numbers representing 
carbonic acid, we can readily apply ihem to the composition 
of other compounds, with which this acid is united. Thus, 
the number for carbojiaU of soda, is 64, and we know from 
its name (see NomeDcla(ure,) that it contains only one pro- 
portion of carbonic acid. Now by recollecting the comoin- 
mg proportion of sodium, "we know, in* moment, the compo- 
sition of the carbonate of soda. The combining number for 
carbonic acid being 22, this subatracied from 54, leaves 32. for 
the other combining proportion, and knowing ihai 24 is ihe 
number for sodium, and that soda is composed of sodium and 
osygen, and thai the combining number of o.xygerj is 8, w* 
ascertain the composition of the salt in question, viz. sodiuii) 
24, osygen 8,=33 soda; oarbonic acid 22=54, carbonate of 

By the same law of proportions, suppose it is required It) 
find the composition of sulphale of soda. The composition 
and number of soda being known, we have only to remember 
that the combining proportion of sulphur is 16, and that sul- 
phuric acid is composed of one proportion of sulphur and 3 of 
oxygen, and the composition of this salt and its number is 
' ascertained. Soda 32, sulphur 16; oxygen 3 proportions, 
24, 16=40 added to 32=72. Therefore" the number for sul- 
phate of soda is 72, and its composition 32 of soda and 40 of 
sulphuric acid.' 

Thus by the application of this law 1o the combining num- 
bers, or the equivalents of chemical bodies, a table of which 
may bo found at the end of this work, the composition of most 
compounds may be readily ascertained. 

MelAod ofasceTtaining Ike proportional numbers of compOTtndt. 
The combining numbers of all the elementary bodies, aa 
already slated, represent the smallest proportions in which 
they are severally found in union with any other body, f But 
it is obvious that all these numbers must have one common 
inil from which they are calculated, otherwise there would 
eiiat no proportions "between them. For this purpose, hydro- 
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gvn, M uniting in the lowest possible proportion, is employ 
ed Thus, hydrogen unites with oxygen in one proportion, 
by weight to form water, and the weight of hydrogen being 
1, the weight of oiygen in water is 8, which is also the smalf 
est proportion in which the latter body is found in unitm. 

fThese two elements having an extensive range of affinity 
and therefore bein^found in combination with a great Tariety 
of other substances, are made the data, or points of compa* 
riaon from which all the other numbers are caJculaled.l 

Afterwards, other compounds were examined which con- 
lained the smallest proportions of these elements united to 
other substances. Among these it was found that the gas 
called carbonic oxide, contained the smallest combining pro- 
portion of carbon, united with the smallest proportion of oiy- 
gen, these proportions being aa 6 to 8."> And also, that the 
■ gas called sulpkiiretied hydrogen, conlafned the smallest pro 
norlion of hydrogen united to the srnallesl of sulphur, these 
proportions being 1 of hydrogen and 16 of sulphur. ' 

Thus, the numbers for carbon and sulphur were found to 
he 6 for the former and 16 for the latter, the numbers for 
hydrogen and oxygen being 1 and 8. 

On examination of the different oxides of iron, it was found 
that the least proportion with which that metal combined 
with oxygen, was that of 28 of the former, and 8 of the latter. 
The number for iron is therefore 28, and that of this oxide 
of iron 32. 

In this manner the proportional numbers of each compound 
has been ascertained, and, from these, tables of chemical equi 
valenls have been constructed. 

Wollaston's scait of Chemical Equivalents. 
Dr. Ure says, that this scale of chemical equivalents has 
contributed more to facilitate the general study and practice 
of chemistry than any other invention of man. The descrip- 
tion of this instrument was published by the inventor in 1814. 
'It consists of a piece of mahogany board two or three inches 
wide, and of a length proportionate to the extent of the scale 
it contains, or of the size of the type in which it is printed. 
Running through the middle of ine board there is a sliding 
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rale, eontaiaing the proportionate namben <rf' all the bum 
eommon chemical compounds, and on each side of the rule 
ace printed the names of the compounds coFreepouding with 
theee numbers. The division* of this scate are laid out logo- 
metiically, after the mannei of the common Gunter's sciue, 
and conaequently the ratioa between the numbera are found, 
by the jiutapoaitton of the several lines, on the sliding and 
fixed parts, with the greatest accuracy.l 

The arrangement of this instrument is such, that the weigh 
of any ingredient in a compound, or its definite proportion, and 
also the equiTalents of the acids and alkalies, may be at ones 
seen by merely moving the sliding part. 

On this scale, instead of taking hvdrogen for unity, Dr. 
Wollaston(has taken oxygen, which ne c^ls 10^ but if we 
slide down the middle rule so that 10 on it stands opposite 
lo 10 hydrogen on the left hand, then every thing on the 
scale will be in accordance with Sir H, Ehivy's system of 
proportions, taking hydrogen for unity, and also in accord- 
ance with the theory of definite gaseous combination, by 
volume. 

/The principle on which this instrument works, may be 
learned in a few minutes ; and after a little practice, it be- 
comes one of the most efficient and beautiful of labor-saving 
machines, to boih the practical and theoretical chemist^ 

Nothing hut actual practice with the instrument, will con 
vey to the mind of the learner a knowledge of its practical 
nsefuloess ; we will however give an example, by which ths 
principle of its construction may perhaps be comprehended. 

We have already staled, that oil this scale oxygen is the 
unit from which all the other proportions are calculated, and 
that this elemei.t is marked 10. When therefore, 10 on the 
sliding rule is againat this numter, the weights of 4he other 
bodies are in due proportion to this number. Thus carbonic 
acid being 27.54. and lime 35.46, carbonate of lime being 
the sum of these numbers, is placed at 62, Then if the sli- 
ding rule be drawn upwards, so that the number 100, on il, 
corresponds with carbonate of iime, the other numbers will 
correspond with carbonic acid and lime, and will show the 
woportions in which these ingredients unite to form 100 
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parts of carbonaM of lime. Thus, the number 56 eonea- 
ponds vith lime, while 44 corresponds with catbomc acidt 
these two numbers making 100. 

Theory of Atoms. That chemical bodies unite in definite ' 
proportions, by weight, and also by Tolume, and that where 
ooe body unites with another in more (ban one proportion, 
the second ia a multiple of the first, are facis resting on the 
evidence of experiment alone. These fects, in themselves 
so wonderful, and in their relation to science so important, 
excited the inquiry and speculations of many philosophic 
minds, as to their cause, i 'Among these inquirers, Mr. I^- 
ton, of Manchester, seemis to have been the mosi successful, 
having proposed a theory which accounts, with few, if any 
exceptions, for all the phenomena observed, and whicn. 
therefore explains satisfiictorily, the reasons why bodies com- 
bine ill such proportions."^ As the basis of this theory, Mr. ■ 
Dalton' assumes that the union of bodies in their smallest pro- 
portions, alvravs lakes place between the atoms of which iey 
aie composed! that is. one atom of one body combines with. 
<me atom of the other body. Thus, water is formed by the 
combination' of one atom or particle of oxygen combined 
with one particle or atom of hydrogen. ' (^This theory sup- 
poses also that tbe\iltimate atoms of mailer are indivisible^ 
that they are alwaj^s of the same shape and size in the same 
body, and that their weights are different in the different 
bodies. I Thus, the weight of an atom of oxygen is 8 times 
that of an atom of hydrogen, these being the proportions 
in which these gases form water. But when bodies unite in 
several proportions, then it is 2 or 3 atoms of one, to one 
atom of the other. Thus, : sulphurous acid is composed of 
2 atoms of oxygen united to 1 atom of sulphur, and sul- 
phuric aaid ia composed of 1 atom of sulphur and 3 atoms 
of oxygen, these being the relative weights of their elements. , 
But as it is found that the lowest proportion in which sul- 
phur unites with any other body, is in the proportion of 16 by 

Whu ia Hid Df Mr. Dalion'a Uuwj of ugrwt WHal doia Mi. Dglun Bm» 
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weight, hydrogen being 1 , so it is assumed that a particle of sul- 
phur is sixteen limes as heavy as one of hydrogen, and twice 
as heavy as one of oxygen. And as in sulphurous acid the 
weight 01 oxygen is found to be exactly double that in water, 
it is reasonable to suppose that sulphurous acid consists of 1 
atom of sulphur united to 2 atoms of oxygen, and for the 
same reason, since sulphuric acid contains three times 
the weight of oxygen that water does, that this acid is com- 
posed of 1 aiom of sulphur and 3 atoms of oxygen. 

Alt this, whether true or felse, exnlaijis in the most satisiao- 
tory manner, why bodies combine with each other in definite 
proportions, and why these proportions are expressed by the 
numbers attached te each. Thus, hydrogen is unity, or the 
prime equivalent, and is expressed by 1, because by weight 
this gas is found to form water by uniting wilh 8 parts of oxy- 
gen. Oxygen is expressed by 8, because its proportion in 
water' weighs eight time as much "as the hydrogen. The 
number for sulphur is 16, because this is the smallest propor- 
tion in which it unites with any substance, and the number 
for the oxygen in sulphurous acid is 16, because in this acid 
the sulphur and oxygen are of equal weights, and therefore 
iust twice the weight of the oxygen in water ; and the num- 
ber for the oxygen inaulphuric acid is 24;becauae its weight 

' is three times that in water.^ 

Now by supposing that one atom of oxygen is 8 times as 
heavy as one of hydrogen, and that an atom of sulphur is 
twice as heavy as one of oxygen, or 16, times as heavy as 
one of hydrogen, the whole mystery of the law of definite 
proportions is reduced to simple aritnmetical calculation, for 

(the proportional numbers are in fact nothing more than the 
relative weights of the atoms of which the several bodies are 



' In respect to the truth or falsity of this theory, it is obvi- 
ously without the bounds of demonstration, for we never can 
ascertain whether the proportions on which it is founded are 
the smallest in which bodies combine, nor whether, if so, they 
combine-atom to atom, as is supposed. But whether it be 
true or false; it does not in the least affect the truth of the 
law of definite proportions, which, as already stated, is foimd- 
ed ou experiment alone, and is therefore purely an expression 

Why Itihe munbvirf'iuygsDlnnilpbiirtcicidail What !■ wH otihe pwpiatlnatw 
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of Incta. TIiQ atomic theoiy, however, must alwava be coa- 
mdeied an elegant and piotiable hypothesis, and while it dis- 
plays uncommoD ingenuity, aad great chemical research, has 
the advantage oi' agreeing, in general, perfectly with the beta 
obtained by analysis. 

Chemical Apparatui. 
Before proceeding to treat of ponderable bodiei, and the 
deaciiptioa of particular agents, it is proposed (o describe 
»ome of ihe most common, and necessary utensils, used in the 
manipulations of chemistry. 
Fig. 29. , 

^..-^v^ ^ A crucible. Fig, 29, is a deep conical cup, ofatri- 
t___Jangular shape al the top, and round at ihe bottony 
\ ^Crucibles are made of this shape for the eonve- 

\ / riicDCe of pouring out their fluid contents ai either aa- 
\ / glej They are made of clay and sand baked hard,Vnd 
W— ' will wiihsiand very high degrees of heat without 
meltinp:, but are liable, to crack when suddenly cooled. They 
are chiefly manufaciured ai. Hesse, in Germany, and hence 
are called Hessian crucibles. 

Fig. 30. A melting pot, Fig, 30, These pols are made of 

9 various sizes and materials. Those used in glass 
houses are made of clay, and are of large size. 
Chemis!s employ those made of silver or platina^- 
as well as of black lead, but of small dimensions 
Metallic crucibles are used for [articular purposes, 
when the sutisiance to be experimented on would 
destroy the common crucible, in consequence of its 
Fig. 31. corrosive quality. 

A mattaii. Fig, 31, is a glass vessel.in the shape 
if an egg. with a long neck. ' It is employed in ef- 
fecting the solution of such substances as require 
heat, and long continued digestion, for that purpose. 
V When used, they are commonly placed in a sand 
1 J bath, that is, in sand moderately heated. 
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^ N. sented al Fig. 32. Retorts, a, 
>'^~^«v— j::::::^-^^ i \are egg shaped veasela, with 
f * C^f ( * Ithe neck turned on one 8id«C; 
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/ These vessels are of vaiioiu 
* capacities, from a gill to a bar- 
ret, or more.^ 'They are made of glass, metal, or earthea 
waie, but most commonly of glaaa.^ No vessel is so much 
used in experimental chemistry as die retort. . In the process 
of distillation, in collecting the gases, in concentralmg the 
acids, and in a great variety of other operations, this vessel 
IS universally employed, j 

The receiver, b, is a necessary appendage to the retort, and 
is destined to receive whatever comes over from it, during 
the process of distillation, j For common purposes, these ves- 
sels are made of glass, but in the manufecture of various 
articles they are made of wood or Inelal. : 

Fig. 33. Fig. 33, represents a luhdaUd 

retort. ! It differs from the pJaiD 
retort, figured above, in having a 
^tubuliiTe, or opening, as seen in 
the Ggure.to which is fitted aglass 
ground siopper.j 'This opening 
saves the trouble of detaching the 
retort from the receiver when any 
to be-made to its contents, after they are con- 
Fig. 32. it is also necessary for the introduc- 
^fetJ/ tube, a part of this apparatus, absolutely 
some processes, and which will be described in 

The alembic. Fig. 34, is used fi-r the distil- 
laiion oi sublimation of solid, volatile substan- 
ces. ' It consists of two parts; the head a, 
which is ground on, so as lo be perfectly 
tight, and the bodyi, which is set into a sand 
bath, wlien in use. The product of sublitt^- 
tion rises into the head, where it is condens- 
ed, and then runs down the spout iiUo a »• 
ceiver. 





» of 1:111 lubultm, «« 
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IHg. 35. Evaporating diih. Fig. 35. Every chemi 

^__— -=^^^ cal apparatus miut have among its utensik 

^R^i__iji^^iiliiilliiii dishes \for evaporating fluidsN Thf 

^ft-"--"l3 ^ ^^ "'■^ made of Wedgewood'a ware, ana comr 

■IMB^ packed in tieeCs containing severai sizes eacb. 

The heat is applied by means of heated sand or ashes, and 

these vessels are used to evaporate solutions of sahs, in ordei 

to oUitin crystals, and for various other purposes. 

rig. 3G. . Fig. 36, a Florence flas^ furnished with tK 
lube, to be used instead of a retort. i^Students 
will save considerable expense, by employing 
these flasks in the room of retortsr> The 
cork is pierced with a burning iron, and 
'irough tne aperture is passed a lube of glass 
_r lead, bent as in the nciire. In obtaining 
' oxvgen, by means of oxide of manganese and 
■■ suiphuri.c acid, and for many other purposes, 
this arrangement will serve instead of the best retort, while, 
if lirtilcen, the expense is only a few cents. 
F(/^. :17, The common blow pipe. Fig. 37{ is a little instru- 
ment by means of which the most violent heat of a 
furnace may be produced} It is a pipe of brass, 
about the third of an inch in diam^er at the largest 
end, and thence tapering, gradually, to a point, and 
bent, as in the figure. 

'To use it, place the curved end in the flame of a 
lamp, or candle, and apply the li^s to the other end, 
then blow gently and steadily, giving the jet of flame 
a hor'zontal direction. To keep up a constant stream 
1/ of Bir for a length of time, the inspiration must bt 
— ■'^ mode by the nostrils, while the cheeks are used a6 
bellows,' The art of doing this is soon learned by practice, 
Tlie small fragments of ore, or other substance, on wnich the * 
ftinie JB thrown, must be laid on a piece of charcoal, which 
is Jiold by small foreceps. When a very intense heat is re- 
quired, and the fragment is so light as to be blown away by 
the air, it may be confined by making a small cavity in the 
charcoal support, into which the subslanct; is put, and anothei 
piece of charcoal is placed partly over this. 



Of how ni»r5 pan, ao„ Ih, ,l,nii^j 5i,„,l^] Por whil purjKwa an •rupomlM 
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Hg. 38. Qa&n't Blotepipt, Fig. 38/ ia a much mote con- 

venient form than the common one above descri- 
bed.^n the common form, the flame is aoin^imea 
nearly extinguidhed, and the process stopped, by 
the condensed moisture from the breath. In 
Gahn's instiwnent this is prevented by the cham- 
ber a, which retains the condensed moisture, and 
which nuy be taken off from the main pipe for its 
removalA The tip of the smiU pipe through 
which the' air passes to the flame, fits to a socket, 
so thai those of different sized orifices can be used. 
The dropping tube. Fig. 39,(is a small glass 
tube, hlown into a ball in the middle, and ending 
with a fine orifice at the lower end.;(It is filled by 
dipping (he small end into the fluid, and exhaust- 
1 ing the ajr by sucking at the upper end with the 
ith. The thumb is then placed on the upper 
__ , which keeps the liquid from running out. On 
>. raising the thumb, the contents will descend in drops, 
lut is instantly restrained on replacing it, > 

This little instrument is highlyluseful for variouB 
purpose^ and particularly when it is required (o intro- 
) duce onemiid under another, as water under alcohol, 
or sulphuric, acid under water3 

(Thesimplearrangemenl, Fig. 40, is designed to col- 
lect and retain for the purpose of temporary examina- 
'"sn, such gases as are lighter than the atmosphere,, 
and at the same time are absorbable by water. 
These gases, for more thorough e."cami nation, re- 
quire the aid of a mercurial bath, but most of their 
properties may be examined by the apparatus re- 
presented by the figure. 

vThe flask a, is to contain the materials for extri- 
cating the gas, and into the mouth of this, there is 
inserted a lube a foot or more long. The tall bell 
glass b, or a large tube closed at the upper end, is 
mverled over this tube, as seen in the figure. 

an example of the use of this apparatus, sup- 

we desire to make some experiments on am- 

I, a gas which is rapidly absorbed by water, 

and specifically lighter than atmospheric air. The 

1. materials for separating this gas are muriate of am 
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Wtf^ia, called also sal amnumiac, and slacked gttick-time. 
/These being 8ei«rately reduced lo powder, equal parts are 
ihen mixed, and introduced into the flask a. and the tube pul 
into its place. On application of a gentle heat, the gas will 
be Bet free in consequence of the combination which lakes 
place between the lime andthemurieticacid of the muriate ol 
ammonia The ammonia is thus set at liberty, and being 
lighter man the air, ascends and gradually diaplacee the air 
from ihe vessel b, and takea ita place. This experiment affords 
an instance of the chemical action of iwo solids on each other. 
Fig. 41. Fig. 41 ia designed as a 

simple illustration of a 
(gas apparalus)^ The me- 
thod of making experi- 
ments with the perma- 
\ nently elastic fluids, such 
:ommon air, and the 
iS, and of transferring 
them from one vessel to 
anolher.thoughsufScient- 
. ly smiple, requires some directions for the beginner. The 
gases are none of them sufficiently dense, to be retained in 
vessels open to the air for any considerable lime; and some 
of them being lighter than the atmosphere, instantly ascend, 
and are lost, when the vessels containing them are opened. 
All the gases, therefore, when open to the air, mix with it more 
or less rapidly, according to their densities, and thus escape 
us entirely, being diffused in the atmosphere. (Hence, to re- 
tain a gas in a state of purit^ it must be kepwrom contact 
with the atmosphere, and hence also the necessity of flrst fill- 
ing the vessel with a fluid instead of air, before the gas is in- 
' tioduced, and of transferring it under a fluid from one vessel 
to another. 

The figure represents a wooden vessel or tub, a, with a 
shelf k, k, fixed a few inches jVom the brim. When the ap- 
paratus is to be used, the tub is to be filled with water. 
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■0 M ta rise a few iachoB abore the ahdf Now when • 
glass jar, or any other vemel, open only at one end, ia filled 
with water, by being plunged into the fluid, it will retain its 
contents when raised above the fluid, provided iis mouth be 
kept under it; for the water is sustained in the vesael by the 
pressure of the atmosphere, on the same principle that the 
mercury is sustained in the barometer tube. (See Barometer 
in Natural Pkilosophy.) The vessels b, g, f, represent jajs 
filled with water, and inverted on the shclt their necks pass- 
ing through an aperture in it,' so as to preserve their uprigb. 
positions. The vessels «, c, and i, are retorts, with their 
necks inserted into the mouths of the inverted jars. _' 

f^ow when common air, or any gas, is introduced into the 
mouth of a vessel so inverted, the air will rise to the upper 
part of the vessel, and will displace the water, and occupy its 
place. If a tumbler, or cup, in the state which we usually 
call emptv, but which is realty full of air, be plunged into 
water witli its mouth downwards, very little water will enter 
it, because the admission of the fluid is opposed by the in- 
cluded air ; but if the mouth of the vesael be turned upwards, 
it immediately fills with water, while the air is displaced, and 
rises to the surface of the fluid in one or more bubble^ 
Suppose this is done under the mouth of a jar filled with wa- 
ter, the air will ascend as before, but instead of escnping, it 
' ' will be detained in' the upper part of the jar. in this rnan- 
ner, therefore, air may be transferred from one vessel into 
another, by an inverted pouring, and the Urst portions, in- 
stead of occupying the bottom of the vessels, like water, as- 
cend to the top, the air, instead of running from a higher 
to a lower vessel, rising from the lower to the higher one. 
(jThis is owing to the pressure of tbe water on the air, or to 
the lightness of air when compared with water. For (he 
same reason, lead being lighter than quicksilver, if a bullet 
of the former be sunk in a vessel of the latter, it will rise to 
thesnrfiice. On this principle balloons ascend : the hydrogen 
with which they are charged being 13 limes lighter than tli*- 
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Stmosphere, the former is forced upwarda by the pressure of 
die latter. 
Fig^42. (a. bell glass receiver^ Fig. 42,(is employed in 
inaVing experiments on air, or the ^se^ It is 
a glass vessel, of the shape represented in the 
figure, and of various sizes, from the capaci^ of 
a pint to that of several gallons. The knob at 
the upper part, ia the Iwndle by which it is 
moved. It is used for the temporary confine- 
ment of elastic fluids, on which esperunenta are 
_ to be made. Large tumblers are good substi- 
tutes for bell glasses. 

Fig. 43. (A lamp farnact. Fig. 43, is one of 

a the most indispensable articles in a 

chemical apparatus. Il consists of a 
rod of brass, or iron, about half an 
.- inch in diameter, and three or four 
feet long, screwed to a fool of the 
same metal, or to a heavy piece of ■ 
wood. On this rod, slide three or 
four metallic sockets, into which are 
screwed straight arms terminated 
with brass or iron rings of dilTerent 
diameters. The screws cut on the 
ends of the arms where they enter 
the sockets are all of the same size^ 
so that the rings may be changed 
from one socket to another, as con- 
Tenience requires. These rings are 
for the support of retorts, receivera, 
evaporating dishes, &c,, as repre- 
^-^^-v tented in the figure, and may be 

*v ' moved up, or down, or turned aside, 

b and then fixed in their places, by 

means of thumb screws passing through the sockets and act- 
ing on the rod. The lamp by which me heat is given for dis- 
tiiration, or other purposes, is also fixed with a thumb screw, 
ao that the heat can be regulated by moving it up or dowm 
Specific Gramty. The specific gravity of a body is its r«- 
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iatire weight wben compared with the same bulk of another 
. body.\J For solids and liquids,^nrateri is the substance to which 
the i(%ight of olhei bodies are compared ; and for elaatio 
fluids, jthe atmosphere is the standard of comparison. 

When a body weighs twice as much as the same bulk of 
water, it ia said to have the Specific gravity of^i/and if tl 
weighs three, four, or five times as much as the same bulk (^ 
water, it has the specific graTily of 3, 4, or 5. Water, ther»- 
fore, is the unit, or standard of comparison, and has iu this 
respect the specific gravity of 1. 

When a body is weighed in water, its weight will be di- 
minished by exactly the weight of a quantity of water equal 
to its own bulk, and thus the difference between its weight 
in air and in water being known, its specific gravity is leadjly 

The most simple mode of taking the specific gra 
T^ vity of a solid, is by means of Nicholson's Portable 
Balwace, irepresenled by Fig. 44. The body is a hol- 
low cylinder of tinned iron, terminated at each end 
by a cone. From the vertex of the upper cone rises 
% the smalt stem a, of copper or brass, bearing a small 
I tin cup. This cup slips on, and may be removed 
I when the instrument is not in use. From the point of 
1 the lower cone is suspended the tin cup e, at the hot- 
f tom of which is attacned a cone of lead so heavy as 
to sink the whole instrument in water nearly to the 
base of the upper cone. Before this balance is used, 
il is placed in a vessel of water, and the upper cup 
' loaded with weights until it sinks so &r that a mark 
the stem at o, coincides exactly with the sur&ce of 
cne waier. The weights so added are called the balanot 
weights, and their amount may be marked on the cup as a 
given quantity for future use : suppose. this is 900 grains. 

The specific gravity of a solid may then be taken as fol- 
lows. First place it in the upper cup, and add weights until 
the mark on the stem coincides with the water ; suppose this 
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to be 400 grains ; subtract this from the balance weight, and 
we have 500 grains for its weight in air. Then remove the * 
subject of experiment to the lower cup, and the stem will 
rise above the mark, because it weighs leas in water than in 
air ; weights must therefore be placed in the upper cup until 
the mark again coincides with the aur&ce of the water j sup 
pose this to be 100 grains, which will be exactly the weagnt 
of the water displaced by the mineral or other solid. The 
specific gravity is now found by a very simple rule, namely, 
(pimde the weight in air by the loii in water, and the quotient 
will be the specific gravity.^ 

In the present instance, we have 500 grains for the weight 
m ait, and 100 for the loss in water; therefore 100 : : 500— 
5, the specific gravity. 

The most simple method of taking the specific gravity of 
liquids, is by means of a graduated bottle holding lOOOgraim 
of water, which is taken as the unit or standard for other 
liquids. 

F^g. 45. Take a small bottle with a long narrow neck, as 
1 represented by Fig. 45, and having weighed it accu- 
P rately, introduce into it exactly 1000" grains of pure 
y water, and mark the level of the water with a file on 
n the neck of the bollJe. The bottle thus prcparedjcill 
I serve to ascertain the specific gravity of any fluiwVor 
/ K since water is the standard by which the comparative 
I I weights of all other fluids are known, the same bulk 

t I of any other fluid, weighed at the saiQe temperature, 

will be its specific gravity. "^ * "^. 

Thus, suppose that when the bottle is ^^d with sulphu- 
ric acid up to the mark at which the v?ater weighed 1000 
grains, it should be found to weigh 1800 grains; then the 
specific gravity of the acid would be 1800, water beinj; 
1000. If filled to the same mark with alcohol it might weigh 
800 grains. The specificgravity of alcohol lyould therefore 
be 800, ivater being 1000. But as it is understood that 
water is the standard of comparison, the specific, gravities of 
bodies are expressed merely by the numbers- signifying 
their relation to this standard. Thus the specific gravity of 
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hndis II, thu is, it is II 'times as heRvy as ureter, bulk fer 
balk; while the specific ^lily «f ether is 750, that is, a 
giren bulk of ether will w«igh 750 grains, ounces, or ponniib, 
whUe the same bulk of water weighs 1000 grains, ounces, ot 
potunda. [See iftc. gran, in Ntit. PKilotoph^.) 

To determine accurately the specific gravity of the gases, 
is an operation of gieat delic&cy, and requires not only verv 
nice apparatus, but much experience. The method by whicr 
it is done is, howevei, easily explained, and will be readil 
understood. 

We have already said that atmospheric air is the standard 
of comparison for the gases. In the first place, therefore, it 
is necessary to ascertain the weight of a given volume of air. 
This is done by weighing very accurately, a light glass ves- 
sel furnished with a good stop-cock, when full of aii, or in 
its ordinary state. Then having withdrawn the air, by 
means of an air pump, and closed the stop-cock, the vessel 
is again weigbeo, ana the difference will show the weight ot 
air which the vessel contained. On making this experimenL 
it is found that 100 cubic inches of air weigh 30.^ grains, and 
by the same method, the weight of a given portion of any 
elastic fluid may be ascertained. In all these experiments, 
it is understood thai the thermometer stands at 60° and the 
barometer at 30°. 

Fig. 46. Suppose, then, that (he glass globe a. Fig. 46, 
— '•-. of suflicient capacity (b contain 100 cubic 

iches of air weighing 30.5 grains, and it is found 
B filling it with oxygen that the same quantity 
of this gas weighs 34 grains. Then to find the 
specific gravity of the latter gas we say, "at tkt 
leeigkt of the air is to- that of the oxygen, to it 
unity, or the specific gravity of the atmosphere 
to the specific gravity of oxygen." Thus, 30.5 
34: : 1—1.1147. gives 1.1147 for the specific 
gravity of oxygen gas. 

But since it is inconvenient in practice to ex- 
periment on just 100 cubic inches of gas, the 
graduated vessel b, has been invented, to show 
^at once what quantity of gas in cubic inches is 
weighed in the globe a. 

The globe being first exhausted of air, and its 
stop-cock closed, is then connected with the re- 
ceiver b, containing the gas, and both cockt 
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being opened, the g&a passes bcAa the receiver to the globe. 
The receiver being open at the bottom, and set over water, 
or mercury, the rise of the fluid will show the quantity of gas 
which passes into the globe, and on weighing the globe both 
before and after connecting it with the receiver, the differ 
ence will show the weight of the air thus transferred. 

Nomenelatiire. 

The rwmenclatuTe of Chemistry, now universally employ- 
ed, was invented by the French chemists about 1784. Be- 
fore that period, the names of chemical substances were en- 
tirely arbitrary, that is, each substance had an independent 
name, the signification of which had nothing to do with its 
composition, or often gave an erroneous idea concerning it. 
Thus, solution of muriate of lime was called liquid shell, and 
afterwards oil of lime. Liquid ammonia was called bone 
spirit, and sulphuric acid was called oil df mlriol. It is 
true, at that time the substances known to chemists were few 
in number, when compared with the immense Hal of the 
present day. But even then, their number was such as to 
make it difficult for the memory to retain them, and at the 
same time to remember their origin or composition, when 
this was known. At present, were the substances mentioned 
in any chemical book merely designated by arbitrary names, 
or names inexpressive of their composition, the student would 
necessarily spent more time in learning and remembering 
them, than is now required to obtain a knowledge of the 
whole science of Chemistry. The general diffusion ol 
chemical knowledge, therefore, is in a great measure owing ' 
to the present nomaiclalure, — its perfect simplicity, its co- 
piousness of meaning, and the ease with which it is learned 
and retained. . 

Each term in this nomenclature designates the composi- 
tion of the compound substance to which it is applied ; and 
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as the simple substances are comparatively few, tlie compo- 
sition of most chemical substances are known only by thew 
names. 

The names of the acids ate derived from those of their 
bases, that is, from the names of the aubatancea to which 
oxygen unites in such proportions as to form acids. (Thus, 
sulphur is the base of sulphuric acid, and carbon is the base 
of carbonic acidT) Some of these bases unite with several 
proportions of oxygen, and form acidS of different degrees 
of strength. These proportions are designateci by the differ- . 
eni terminations of the name of the acid, the smaller pro- 
portion being signifiedf^by ous and the larger by w,^ Thus, 
sulphurous and sulphuric, and nitroas and nitric acids, mean ■ 
that these acids contain single and double proportions of oxy- 
gen. The salts, that is, the compounds which the acids 
form with alkalies, earths, and metallic oxides, also indicate 
by their names the substances they juntain. Thus, the salts 
ending in ite consist of a base, uniTcd to an acid ending in 
ous ; and a salt ending in ale contains an acid ending in ic 
Sulphi/« and phosphide ^f potash are formed of potash and 
sulphurous and phosphorous acids, while sulphate and phos- 
phate of potash denote compounds of sulphuric and phos- 
phoric acids, united to . the same base. The names of aU 
the salts, of which there are nearly 2000, denote their com- 
position in the same manner, and thus we. know the ingredi- 
ents of their compositions by merely seeing their names. 
ffhe termination uret denotes the union of simple non-metal- 
tic bodies with a metal, a metallic oxide, or with each other. 
Thus, sxilpharet and cuthuret of iron, indicate a combination 
between sulphur or carbon with iron. As oxygen combines 
with several of the metals in different proportions, but not al- 
ways sufficient in quantity to form acids, the compounds so 
formed, though derived from the same metal, differ from each 
other. These compounds are called oxides, and are distin- 
^shed from each other by the Greek derivatives, prof, deal. 
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trii, and per. Protoxide Bignifiea the frst degree of oxida 
tionj licsiaxide, thcBecond; frifoxide, the third; and jieroxide^ 
the highest. In some of the salts, it nas formerly supposed 
that the acid prevailed, or that more acid was ptesent than 
necessary lo saturate the alkali, and in others that the alkali 
prerailed. The first of these were called supersalta, and 
the second ntisalts, while those in which the acid and alkali 
were in due proportion, were called ntntral salts. These 
najnes are qow regulated by the atomic constitution of the 
aall. If it is a coippound of one atom of acid and one of al- 
kali, <he generic name is employed, as carbonate of potash. 
But if (wo or more atoms of the acid be combined with the 
same base, a numeral is prefixed to indicate its composilion 
in this respect. Thus, when the acid is in two proportions, 
or there are two atoms of acid to one of poiash, it is called 
^-carbonate of potash. The three salts of oxalic acid and 
potash are called the oxalate, Ainoxalate. and fUfufroxalate of 
potash, the first consistfng.of one atom of each, the second 
of two atoms of acid to one of potash, and the third of four 
atoms of acid to one of polasL 



PART 11. 

POKDSRABLE BODIES. 



Explanalwm. A penderaMe body, is one which has ap 
preciable weight. 

A simple body, is one which has noi been decomposed) 
These are also called eUmentt, or elementary bodies. 

It is possible that all the substances now called elementary, 
may still be in reality compounds, for oui knowledge on this 
subject is entirely negative, that is,'an bodies which the an 
of chemistry has been unable to separate into parts, or lo de- 
compose, are called livtple, in order to distinguish ihem from 
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Known compoiin<l8. Before the refinementa of chemical 
analysis were known, it was believed tBat nature aflbrded 
only/four elements, viz. fire, air, earth, and water'. Analysis 
has^ however shown, thai fire, or heat, is the resuli of chemi- 
cal union ; thai air is a compound of niirogen and oxygen ; 
that there are nuiny earths, and that water is composed of 
hydrogen and oxygen. , 

The number of simple bodies now enumerated amount to 
abont fifty, or perhaps fifty-lwo.> They consist of about 40 
metals, three, or perhaps four supporters of combustion, viz. 
oxygen, chlorine, and iodine, and probably also bromine, and 
seven non-metallic combiislibles, viz. pnosphorus. carlion, 
hydrogen, sulphur, boron, selenium, and nitrogen. 

Only a few years since, potash, soda, and several other 
substances, now found to be compounds, were supposed to be 
elementary bodies ; (and it is highly probable, Ihal many sub- 
stances, now arranged as simple, will soon be found to bs 
compounds. ; 

Before proceeding to describe the properties of the gases, 
it might be thought necessary to detail more particularly than 
has been done, the modes of confining and transferring ihem 
from one vessel to another. But it is thought that such di- 
rections are better understood by the student, and much more 
readily followed when given in connexion with the particu- 
lar subjecis or cases, to which ihey immediately appty. The 
method, for instance, of transferring the nitrous oxiae from 
the retort lo the gasometer, and from the gasometer to the 
gas bag, will be best understood if given in connexion with 
an account of the propenies of the gas, or immediately aftep 
it. The same, it is inought, may be said of confining and 
transferring the other gases. As several different methods 
are required, depending on the nature of the gas, its absorp- 
tion by water, its specific gravity, and other properties, these 
different modes can be best explained and understood in im- 
mediate connexion with the description of the peculiar pro- 
perties of each gas. 

I'Aa the doctrine of definite proportions is not only highly 
interesting as a subject of philosophy, but is also intimately 
connectea with chemistrj', both as a science, and a practical 
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artl we ihall attach to the name of each substance at ibc head 
of aeciioiia, its eqiftvalent number, so that the leadci may at 
ODce obeeire its comhinine proportion, '^And it is earneetJy 
. recommended to the pupil, that lie should not only regard 
this subject as one of ^eat importaoce in a scientific relation, 
but also, when riewed In a different light, as one that tends 
directly to impress the mind with the most serious conviction^ 
that nothing la nature baa been left to chance, but that the 
Almighty Creator has left a witness of himself even in the 
proportions, and arrangement of the atoms of matter. No- 
thing, perhaps, even the sublimest works of nature, are more 
calculated to elicit the wonder and astonishment of a reflect- 
ing mind, than the tact that substances combine with each 
other in exact, and definite quantities, and that these quanti- 
ties or proportions, are the same in relation to the same sub- 
Mance throughout the world, and have been so ever since the 
creation. This discovery may be considered as anew proofi 
directed expressly to the present age. that the most minute 
works of what we call nature, do indeed bear the most indu- 
bitable marks of divine agency and design. 

But while thediscoveryitself is an evidence of the profound 
philosophy of the present age, the developfmenl of its prin- 
ciples, by the constant arcesaion of new ideas, is r.alculated 
rather to humble the pride of human knowledge, by as con- 
stant a conviction, that after all our acquirements, we know 
comparatively nothing of the laws and operations of nature. 
The very feet, that the laws of proportions, now comparatively 
just known to man, have existed ever since the creation of 
matter, and Rave been in perpetual exercise all over the uni- 
verse, without a suspicion of their exiatence.^is of itself a suf- 
ficient proof of the almost entire ignorance of man even of the 
phenomena of nature, anda still stronger proof of his igno- 
rance of her laws.J And if facts, in themselves so simple, ya 
so wonderful, and when once.)(no\vn, so obvious, have esca- 
ped the observation of man for thousands of years, is it not 
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piobtd^ that phenomena are consUmtly ^ing on before onr 
ey^s, which, could we understand them, would astonish na 
aull more, and at the same time afford a still stronger conric- 
tion of our ignorance, and want of penetration ? 

These considerations, while they are calculated to humhle 
the pride of human intellect, by showing how little we know 
of the laws which govern even the ordinary operations of 
nature, ought, by the conviction of ignorance, to prove an in- 
centive to constant observation on natural phenomena, that, 
if posuble, we might arrive at the knowledge of their true 
causes. 

INORGANIC CHEMISTRY. 

nOK-METALLIC StJBSTANCBS. 

Oxygen — 8, 

The name oxygen is derived from two Greek words, and 
signifies the/ormer, or gemratoT of acids, because it enters 
into the composition of most acid substances, and was for- 
merly considered the universal and only acidifying principle 
in nature 

- It was discovered by Dr. Priestley in 1774, and named by 
'him dtpMogisticated air. Its specific gravity ia 1.11. air 
Deing 1. It is a non-conductor of electricity, like common 
aif. Itk electrical state is always negative, and when sud- 
denly and forcibly compressed, as in the fire-pump, already 
described, it emits light and heat 

Oiygen may be obtained fiom many substances. The 
peroxides of lead, or manganese, and the nitrate and chlorate 
of potash, all yield it in abundance, when merely exposed to 
a dull red heat. 

The cheapest and most convenient mibslaiice for this pur- 
pose is black, or peroxide of manganese, in the state of fine 
powder. This, when heated in an iron bottle or gun-bar- 
rel, will yield upwards of(J20 cubic inches of the gas to an 
ounce of the oxide. For small experiments, a gun-barrel 
may he used ; but where considerable quantities are wanted, 
a wrought iron bottle, with a neck 18 inches long, is the best 
iustrumenL 
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tig- **■ The slupe is repreaealcd jU Fig. 47, with the addi- 
tion of a piece of gun-barrel, fitted to the mouth of 
the bottle by grinding. A tube, leading from the 
gun-barrel to the gas bolder, conveys away the oxy- 
gen as it is extricated from tiM manganese. In the 
absence of such a bottle, oxygen may be conveni^it- 
ly obtained by mixing, in a proper vessel, one part of 
sulphuric acid, and two parts of the oxide of manga* 
nese, and applying the heal of a lamp. The cheap- 
est and most convenient vessels for this purpose are 
Florence flasks, fitted with corks and tubes, as rep- 
Presented by Fig. 36. This, and the lamp furnace, 
'Fig- 43, together with an inverted vessel filled with 
water, constitute the apparatus necessary for the extrication 
and confinement of oxygen. 

With respect to the theory of these processes, it is neces- 
sary to state, that there are tuiee oxidea of manganese, each 
of course containing difllerent proportions of oxygen. These 
oxidea are thus constituted, 'the combining proportion of man 
ganese being 28, and that of oxygen 8. 

Protoxide manganese, 28, added to oxygen, 8^36 
Deutoiide 28, " " 12=40 

Peroxide 28, " " 16=44 

When the peroxide is exposed to a red heat/it parts with 
half a proportion of oxygen, that is, 4 parts, the number for 
oxygen being 8,' and is therefore reduced to a deutoxide, 
whose number, it will be observed, is 40, The number for 
the peroxide being 44, and the loss by a red heat being 4, we 
oblam 4 grains of oxygen for every 44 grains of the oxide, 
which in bulk is nearly 12 cubic inches, making about 128 
cubic inches for each ounce of the oxide. 

When oxygen is obtained by means of sulphuric acid, the 
theoretical expression is difierent. In this cose the peroxide 
loses a whole proportion of oxygen, and is thus conveited 
into a protoxide, which then combines with the acid, forming 
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& sulphate of manmneae, •which remains in the retort By 
this process, therefore, the peroxide yielda 8 graina of oxy- 
gea to sTery 44 grains employed ; but in practice it is found 
that the tiist method is the best and cheapest. 

It wiU be observe)!), .Am the weight of oxygen for the dent- 
oxide, expressed above,! is only 12, being a proportion and a 
bait, instead of 2 proportions of that element! The oxides of 
lead and iron afford examples of precisely the same kind. 
These &ct8 were at firal supposed to afford exceptions to the 
law of definite proportions, or rather to the atomic theory by 
which the cause of definite quantities is explained. But it 
will be remembered, as already stated, that the smallest pro- 
portions in which bodies have been found to combine by 
weight, are those by which (hey are represented in numbers. 
Now the smallest proportion in which oxygen 'las hitherto 
been known to combine, is in water, this proportion being as 
8 to 1. The number, therefore, for oxygen is 8. But if it 
should be hereafter found, in the course of analysis, that oxy- 
gen unites in half this proportion, in any instance, then this 
amiarenl anomaly will be completely explained, for (hen its 
umon with hydrogen, to form water, will be in (wo propor- 
tions, and its union with manganese, forming the deutoxide, 
will be in three proportions, &c. The fact, therefore, that 
oxygen unites in the proprortion of 12 is not considered a 
Talid objection to (be univer8aU(y of the law of definite and 
multiple proportions, but only a proof that the smallest combi- 
ning proportion of oxygen may not yet have been discovered. 

This digression seemed necessary, in order to explain, 
once for all, (his apparent anomaly. 

Oxygen gas is an invisible transparent fluid, like common 
air, and has neither taste nor smell. It is sparingly absorbed 
by water,[100 cubic inches of which, take up three or four 
ci^blc inches of the gas. 
L Oxygen has the most universal affinity of any known sub- 
stance, there being not one of the simple substances wtih 
which it may not be made to combine.^ It unites with all the 
metals, formmg a very extensive class of compounds, known 
under the name of oxides. !With some of them it combines 
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in such propoTtions as to form acids.' Such is the case with 
■rsenic, molybdena, and dlhers. With the simple combusti- 
bles, sulphur, carbon, &c., il also combines in various pro- 
portions, forming oxides and acids. ^Wilh the melals sodiuii« 
and potassium, it enters into combHffiion'to'.form the alkalies 
soda and potash.' Thus the acids and allialies, thoug-h in 
most of their pro^rties so entirely opposed lo each other, are 
composed of oxygen united to different bases, the base of 
sulphuric acid bting sulphur, and that of potash being po- 



The process of oxidation sometimes takes place very slow- 
ly, as in ihe rusting of iron exposed to the atmosphere. In 
this case, the affinity of the iron for the oxygen contained in 
the atmosphere, though constantly exerted, produces its ef- 
fects very gradually, particularly if the iron is kept in a dry 
state; but the oxidation is greatly facilitated if,lhe iron is 
moistened with water, since then the metal absorbs oXygen 
from the water, as well as from the air. 

In ordinary comblistion, ^hich is nothing more than a rapid 
oxidation, with the extrication of heat and light, the strong 
aiEnity between the combustible and the oxygen'is caused by ■ 
the great elevation of temperature.' The combustible re- 
quires, in the first place, lo be heated to a cerlajn degree, 
before it will atlrnct oxygen with sufficient force to' emit hea* 
and light, after which, the elevation of its temperature is con- 
tinued by the absorption of oxygen, and thus the combination 
of one portion of oxygen with the burning body causes the 
Sorption of another. 

\A cumbttstible is any substance, capable of uniting with 
oxygen, or any other supporter of conibustion, with such ra- 
pidity, as to cause the disengagement of heal and light. In 
this sense, iron, steel, and many other bodies, though fliey will 
not burn in the open air, are strictly combustibles, as they 
conform to the 'above definition, when heated in oxygen 
gas. 

In this gas, all combustibles Iburn with greatly increa&^d 
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q)tendor/; and many subsiances uhich, before the discorerf 
of this gas, could not, in any sense, belong lo this class, ure 
now sir let ly combustiblea. 

The combust ion of various substance^ in oxygen gaa, affords 
eipetimems of the most briltianl and instructive kind. 

Among these, the combustion of iron, steel, and zinc, are 
highly^ interesting, not only because we are nol in the habit 
of seeing metals burn, but because the first give out the moat 
mlendid coriuseations of light, while the zinc burns with a 
^ight peculiar to itself 

To exhibit the combustion of iron or steel, in this gBS, - 
procure a piece of wire of small size, or what is better, a 
watch spring, .'and wind it round a slender rod of wood, ao 
as to coil it in a spiral form, the turns of the ivire being 
about the fourth of an inch apart. Then withdraw the ro^ 
and fix 10 the lower end of the coil a small piece of thread 
dipped in melted bee#wax, or sulphur, or what is better, a 
little piece of spunk. The oilier end of the wire, for a few 
inches, is to be left straight, and fixed to the cork fitting the 
mouth of the bottle tn which the experiment is to be 

Next, fill a clear glass bottle of a quart or more capacity 
with oxygen gas, and having set it upright, cover the mouth 
with a plats of glass, or otherwise. Then inflame the com- 
bustible on the end of the wire, and having removed the cov- 
et from the bottle, introduce the coil, and^fix the cork in its 
pbce, as represented by Fig. 47. 
Fie 47 "^^^ wire will burn with a liffhl loo vivid for 

-• the eyes to bear, throwing out the most brilliant 
jrruscalions in every direction. Now and then 
globule of the melted melal will fall, and if 
(he vessel contains water, it will leap on its 
surface for an instant or two, being thrown up 
by the steam into which it converts the fluid 
If (he vessel contains no water, the intense heat 
of the globule will cause it to melt, the glass and. 
sink into its substance, and if the glass be thin, 
It will fuse a path quite through it, without caua- 
ig the least fracture. 
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To witness the combustion of zioc in oxygen, first prepaie 
the metal by raeltiag-, and pouiing it while fluid into the water. 
Then place some thin pieces in a spoon prepared with a 
oork on its handle, as represented by Fig. 48, and put in the 
Q midst of the zinc a small piece of phosphorus. Hav- 



RgAQ. 



ing a bottle of the gas prepared as in the lost experi- 
ment, inflame the phoaphorus by holding the spoon 
over a lamp, and instantly introduce it into the bot- 
tle, fixing the cork in its place. Th^ metal will bum ,* 
with a beautiful while light, often tinged with green, 
owing to a small quantity of copper which the zinc 



If a lighted candle be blown ouf and then plonged 

nto a vessel of this gsa, while a spark of fire remains 

' in the wick, it will be relighted with a slight explosion. 

The best way of makii»this experiment, is, to place a 

shortpiece of candle in asocWbfixed 1o a wire, as in Fig. 49. 

In this manner a candle may be bloivn out and again set o" 



j^ ,„ fire by dipping it into a bottle of oxygen, twenty or 
^' 'thirty times, and perhaps oftener. 
T During combustion in osygen gas, the oxygen com- 

bines with the burning body, and produces remarka- 
ble changes, not only on the combustible, _but also on 
the gas. The combustible, on examination, will be 
found to have sensibly increased in weight, by the 
combination, while the oxygen entirely loses the pow- 
fl er of again supporting combustion, so that if a lighted 
U candle be plunged into it, instead of burning with 

splendor as before, it is now instantly extinguished. 

These changes are readily explained by the analysis of 
the body burned, and'of the gas. The iron loses its brillian- 
cy, and is converted into a dark brittle substance, easily pul- 
verised in a mortar. This is an oxide of iron, and consists 
of the iron itself united lo the ponderable portion of the gas.^ 
If the iron is weighed before the combustion, and afterwards, 
it will be found to have increased in weight in the proportion 
of 8 parts to the 28. 
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The gas on the conCraiy loses in weight what is gained by 
tile iron, and if ihe vessel in which the experiment is made, 
be open at the bottom, and stands in a dish of water, the di- 
minution of the gas in volume will be indicated by the rise of 
the water in the vessel. If the gaa and iron are both accu 
lately weighed before the experiment and afterwards, the sum 
of their *\veights will be found precisely the same, proving 
that nothing has escaped, and that what has been lost by the 
oxygen has been gained by the iron. When other combusti- 
bles are submitted to the action of this gas, though they may 
entirely change their appearance by the process, or seem to 
be dissipated and consumed,|yet nothing is lost by the burn 
ing.'^here being in all such instances merely a change of form. 
Thus, when charcoal or diamond is burned in a confined por- 
tion of this ga3,{instead of losing as in the former experiment, 
the gas increases in weight", that is, it is converted into car- 
boTiie acid gas. by a union between the oxygen of the gas, 
and the carbon of the diamond or charcoal, so that what is 
lost by the charcoal is gained by the gas. } 

In every instance, the gaseous matter which remains in 
the vessel after combustion, is unfit to support animal life. 
If a bird or any other animal be confined in a limited portion 
of atmospheric air, it soon dies, because it destroys the oxy- 
gen (he air contains, by converting it into carbonic acid, thus 
leaving another portion of the atmosphere called nitrogen, 
both of which are destructive to life. (See Nitrogen.) 

If a bird be confined in a portion of oxygen, it will live 
longer than in the same quantity of atmospheric air, because 
it is the oxygen alone which supports the respiration ; but it 
dies when the oxygen is consumed, or converted into carbonic 
acid. But if any animal be introduced into a portion of air 
after its oxygen nas been destroyed, or absorbed by a burn- 
ing body, it dies in a few seconds, unless like the frog it has 
the jower of suspending Its respiration. 

Finally, it is proper to remember, that no animal can livt 
iu an atmosphere which, will not support combustion. 
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Were this feet moie generally known and remembered, 
we should not every year hear of instances where lives are 
lost by descending inio old wells or cisterns. The cause of 
such accidents is the presence of carbonic acid, in the bot- 
toms of such cavities ; and were the precaution taken to let 
down a burning candle, before the descent of the ggrson, all 
danger might be avoided ; for if the dame is e):tlnguishec^ 
the air will not support animal life. 

It, has been recently reported, that throwing buckets of wa- 
ter into a well, where two persons had fellen down by suffo- 
cation with carbonic acid gas, had been the means of saving 
their lives. {See Carbonic Acid.) 

Hydrogen. — 1. 

The name of this gas is derived from two Greek words, 
signifying the generalor of water, because it enterg largely 
into the composition of that duid. 

it was discovered by Mr. Cavendish in 17C6. Its specific 
gravity is 0.694, air being I.— rtOO cubic inches weigh 2.11 
grains; while the same bulk of air weighs 30.5 grains ; it is 
therefore about 14 times lighter than atmospheric air. Com- 
pared with oxygen, it is just'16 times lighter than that gaa; 
. being indeed the lightest of all known ponderable bodies. It 
refracts light more powerfully than any other body.yts re- 
fraction being in the ratio of 6.6, air being 1. Its electricity 

Hydrogen njay be obtained by several processes, but in no 
instance without the presence oi^ water, it being evolved only 
by the decomposition of that fluid. 

The most convenient method, is to put fragments of iron 

or zinc into a proper vessel, and pour on them two parts by 

eight of sulphuric" acid, diluted with 5 or 6 parts of water. 

" ' ' 1 will immediately ascend through the water in 



intli Sbi nepim 


i<m BOppon c 




it WhU pKaintai 




tm foa ioa n, 




old dium] WbBia 




What 1> (be 


welgiu at 100 oiblc ioclwa M 


, mighi wten ■ 


™ni»™] wilh 


.irl H. 


,wn.nchl*b«rl.hr. 




1. ligbttr lU, 


, hjdroee 


■ghn Wtai^l 




'««" Onlbbg-b. 


EMHce of waan 


Wh).1 Wh= 


.1 ii Ihe 


ea meibod of Dhtalnlng 



oflb^Google 



HTDRODKN. « 123 

Pig. 50. Wheie only small quantBga of 

the gas are wanted, the simple ap- 
paratus represented at Fig, 60, is 
all that is required, II consists of 
a Florence ilask into which the zinc 
■ and acid are put, with a tube lead- 
ing under a bell glass, or large 
S tumbler filled wiih water, and in- 
veried in a dish of the same fluid 
5Zinc for this purpose is better ,than 
iron, and is easily prepared by melting, and while fluid, pour- 
ing il into water. 

The production of the hydrogen depends on the decompo- 
ahion of the water which is effected by the united action of 
the melal and acid) .The metal having an attraction for oxy- 
gen, obtains it from tne water; ihis forms an oxide of the 
metal which is instantly dissolved by the acid ; the surface o 
the metal is thus left clean, and exposed to the ii-ater, from 
which it attracts another portion of oxygen, which is dissol- 
ved as before. Meanwhile the hydrogen being thus detacheo 
from the osygen absorbs caloric, and is evolved in the form 
of hydrogen gas^ 

(Hydrogen may also be obtained by passing the vapor o 
water through a hot iron lube,"', In ibis case, the oxygen of 
the water combines with the iron, while the hydrogen is set 
free, 

(Placeagun barrel across a" furnace so as to heat it red hot 
Connect to one end of the barrel, by means of a tube, a re- 
tort containing water, and placed over an Argand lamp: and 
to the other end of ibe barrel fix a tube, leading under a ves- 
sel of water, inverted in a water bath. Then make the water 
gj^the relort boil, so that its steam may pass into the gun bar- 
^B, and hydrogen will be evolved, and will pass into the 

Hydrogen, when obtained by either of these methods, is not 
quite pure, but contaioB a little sulphur or carbon. For par- 
ticular purposes it mnrbe purified by passing il tlirougn a 
solution of pure potash in water. 

In this state hydrogen is without colour, taste, or smell, ' It 
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* 

■s, so fiit as is known, an elementary bod^ having resisted all 
attempts to lesolve it into more simple parts. 

It is inflammable, but not a supporter of combustion. If a 
lighted candle be introduced into a vessel of this gas, : (he 
fiame is instantly extinguisheil^but in passing iilto the gas, il 
inflames thai portion which is in contact with the atttesphere. j 
This shows that the combustion of hydrogen requires the aid 
of oxygen which il absorbs from theatmosphere asasupporter. 

iTnis experiment may be made by invertingthe vessel con- 
taining the hydrogen in the open air, its levity preventing it 
from escaping downwards. In this state it will be seen to 
burn only on the lowest surface. But if the vessel contain- 
ing it be turned upright, the whole will escape in a volume 
of flame. "■. 

fHydrogen is the gas with which balloons are charged;.and 
being about fourteen times lighter than common air, if the 
balloon is large, il ascends with great force. The principle 
on which balloons ascend,, is the difference of specific gravity 
between the balloon as a whole, consisting of hydrogen, and 
the apparatus containing it, and the same bulk of atmosphe- 
ric air. ^l is the same principle that makes a cork rise through 
water, or a leaden bullet through quicksilver.\ 

The principle of balloons may be illustrated thus. Fill a 
bladder, or a gas bag, furnished with a stop-cock, with hy- 
drogen gas ; attach (o the slop-cock a tobacco pipe, or what 
is better, one of metal. Then dip the bow! of the pipe into a 
solution of soap, and form bubbles by pressing the bladder. 
These bubbles being detached from the pipe, will rise rapidly 
through the air. v t. 

When hydrogen is mixed with oxygen and inflamed,^lhe 
mixture detonates violently.' The best proportions are two 
parts of the hydrogen and one of oxygen by volume. If soa^ 
bubbles of this mixture are touched with a candle when iWi^ 
ing in the air, ihey give a report as iQud as a pistol, but much 
more sharp and stunning. 

A loud report is also given when Ae hydrogen is mixed 
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with common air, instead of oxygen. The best tiTPponioos 
are about three of the air to one of the hytJrogen. . 
Tig.hX. This experiment may be varied by means of [he 
~~ hydrogen, gun. Fig. 51. It consists of a tin vessel, 
holding about a pint, the lo*ver end heinj closed, and 
t the upper end left open and fitted with a cork, a small 
■ orifice being made toward the lower end, as seen in 
I the ligiiie. 

Having filled this vessel about one third wilt water 
:lose the small orifice with the thumb, and let in hy- 
' drogen until the water is displaced. Thus, the vessel 
will contain three parts of a'r and one of h drogen. 
The cork being put rather loosel s place be m xture 

is fired by raising the thumb, and applj g a I gh ed aperto 
the orifice. The cork will be d n ou h olence at- 
tended with a loud reporL 

(When a jet of hydrogen is burn d a he d of a ube 
with a fine bore, and with a large ul- of ^i ss por ela n or 
metal, musical tones are produced, « hich are grave or acute 
ia proportion to the size or kind of lube employed.'s 
Pig^bi. This pleasing experiment may be performed by 
placing the materials for making hydrogen, in a 
convenient vessel, furnished with a tube, as in Fig. 
62. Or the tube may be connected with a reser- 
voir of gas already collected. The manner of hold- 
ing the large tube to produce the musical tones is 
shown in (he figure. 

^Hydrogen cannot be breathed without deleterious 
effecisj though it is not immediately fatal to anjmal 
^ life. 

The action of platinum sponge on hydrogen is 
singular, and highly curious. ■'When a jet of this 
__^ gas is directed on a few grains of the sponge, botjj 
being cold, and in the open air, me latter immediately be- 
comes hot. and in a moment glows with a red heal, setting 
Ire to the hydrogen.} 
Platinum sponge^ is prepared by dissolving the metal in 
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nitro-muriatie acid, that is, a mixture of onepait of nitnctoS 
parts of muriatic acid. ) Ammonia, or muriate of ammonia, is 
added to this solution, whicii produces a yellow precipilnte 
When this precipitate is esposed to a red heat in a crucible 
the acids and ammonia are driven ofi) and there remains pure 
platinum, in the form of a delicate spongy mass. Another 
method of obtaining' the sponge, is to throw ihc yellow pre- 
cipitate on filtering paper, and when the liquid has passed 
lhroug|h, to dry the paper, and introduce it, with the adhering 
precipitate, into the crucible. 

This curious effect of the action between platina sponge 
and hydrogen, was discovered by Professor Dobereiner, of 
Jena, who invented the foHowing method, of producing an 
instantaneous light by its means. • -. 

Fig- 53. = The two vessels, d and 4, Fig. 

53, are of glass ; a is prolong- 
ed in the form of. a lube, and 
is fitted to the mouth of b, by 
n grinding, or cement, so as to 
ir tight. The lower part 
reaches nearly to the bol- 
Jtom of b, and is encompassed 
TTwith a strip of zinc. Sulphuric 
I acid, diluted with five or six 
parts of water, being placed 
in b, a is fixed in its place, as 
seen in the figure. Hydrogen 
is evolved by the action of the 
acid on the zinc, and pressing 
upon the fluid, (which must 
fill only about one half of *,) 
drives it up the lube into a. The stopper of a, is conical, and 
rises to let the air from that vessel escape. When so much 
gas has been evolved as to press most of the acid up into a, 
and ■consequently to remove it from the zinc, the chemical 
process will cease, leaving i nearly filled with hydrogen. 
The Brass tube d, is cemented to the neck c, and furaiahed 
with a stop-cock. The box e, contains the platina sponge at 
the end of the tube. 

When a light is wanted, nothing more is necessary than to. 
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open the stop cock d, and let a jet of the gas blow upon the 
flpongv, which becoming immediately red hot, a match, and 
then a candle mav be l^htcd. By permitting the hydrogen 
to escape, the acia again cornea in contact with the zinc, and 
thus another portion of the gas is formed, and retained until 
vanted.~) 

Protoxide of HydTOgen 9. 

1 p. Oxygen 8+1 p. Hydrogen 1. 

Water. 

fit is only necessary to remark in respect to the above ab- 
breviations, that the number for water, as already explained^, is 

, being composed of 1 proportion of oxygen 8, and 1 propor- 
tion of nydrogeo 1. Tne same method being observed with 
respect to the other substances to be described, the student 
has only to notice the numbers affixed to the names of each 
substance, and he at once becomes acquainted with the pro- 
portions and composition of each compound, and the number 
by which the compound itself is represented. This method, 
it is thought will not only be found highly convenient, but 
will also greatly facilitate the acquirement of a protier know- 
ledge of chemical equivalents, a subject, as formerly remark- 
ed, of great importance to the student in the present state of 
the science. 

;It has been stated that water, by analysis, is composed of 
two parts of hydrogen, and one of oxygen, by volume, and 1 
part hydrogen, and 8 oxygen by weight. 

Having described the properties of these two gases sepa- 
rately, it now remains lo demonstrate by synthesis, thai is, by 
the combination of these gases, that water is the product. 

It may "be seen by a very simple experiment, that when 
hydrogen ts burned, water' is formed. 
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Fig. 54. Fill with hycfrogen a blad- 

V der, fiirniBhed with a stop- 
jcock, aiid small tube. In- 
/ flame the hydrogen at the 
end of the tube, and intro- 
duce the flame into a dry 
^lass globe wilh iwo open- 
ings, as represented at Fig. 
54. As the gas burns, the rarefied and vitiated air will pass 
ofi"at one of the openings, while the other admits fresh airio 
support the combustion. In a few minules the inside of the 
globe will be covered with moisture, and by continuing the 
experiment, water will run down its sides, which may be 
tasted or otherwise examined. The aame experiment may 
he made with a large glass tube instead of a globe. In this 




experiment, it is supposed that the combustion of the hydro- 
gen ia supported by the o.tygen of the atmosphere, and there- 
fore nothing can be known of the proportions in which ihey 



unite. Nor would it be absolutely certain by this experiment 
that it was the oxygen of the atmosphere which combined 
with the hydrogen, and supported its combustion. 

But when the two gases are confined, each in a separate 
gasometer, and burneih together in an exhausted vessel, the 
result will not only demonstrate to the senses that water is the 
product, but will also show the exact proportions of each ela- 
inent by weight and measure; 

For this purpose two graduated gasometers contain the two 
gases, each being furnished with a tube, leading to the glass 
globe. Fig. 55. Before the experiment begins, this globe is . 
connected with an air pump by the screw 
c, and completely exhausted of air, and 
then accurately weighed. It is then 
' connected with the two gasometers which 
contain the gases by the pipes d and e. 
When evcrv thing is thus prepared, the 
stop-cock d ts opened, and a small streun 
of hydrogen let in, which is instantly m- 
. " " d flamed by an electrical spark from the 

conductor a, this being of course connected with an electrical 
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machise. The oxygen ia then admitted, by taming the stop- 
cock, e, and thus the combustion of the hydrogen is supportra. 

At the end of the process,"lhe gradusted gaaometers show 
exactly the volume of each gas consumed; and as the weight 
of 100 cubic inches of these gases ate known, it is easy to 
compute the weight of the volumes consumed, an J by weigh- 
ing tne globe to compare it with the weight of water produced. 

By such e;tperiments made with every attention to accura- 
cy, together with thai before described, of weighing the gasea 
by means of exhausted vessels. Fig. 45, il is proved,' that 
hydrogen and oxygen unite in the proportions of two of the 
first, to one of the last, by volume ; aniin the proportions of 
1 and 8, by weight jj that the sole product of the combustion 
of the two gases is water, and that the weight of the water 
is just e^jual fo the combined weights of the two gases. In 
this manner has the constitiition of water been demonstrated 
beyond all doubt or controversy. 

Compound Blowpipe. When hydrogen Jind oxygen are 
burned together, in the proportions in which they form water, 
a most intense heat is proauced. ■ The compound blowpipe, . 
the instrument by means of which the combustion of the two 
gases is regulated for this purpose, was invented by Professor 
Hare, of Philadelphia, in 1801. The apparatus consists of two 
pipes, which convey the gases from two gas-holders, to another 
short pipe, at the end of which their combustion takes place. 



Fig. 56. 




principle of I 
pound blowpipe will be under- 
stood by Fig. 56. The two 
brass pipes c and d, are con- 
nected with the gas-holders a 
and b, by coupling screws, 
which fix their lower ends to 
short tubes furnished with stop- 
cocks, as seen in the figure. 
These stop-cocks are for the 
convenience of confining the 
gas in the gas-holders, when 
the blowpipe is not in use, and 
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for other purposes coniiw.ted wiih the pneumatic cieleiu. 

The two upper stop-cocl^S are designed to regulate (he quan- 
tity of gas from each pipe, so as to produce the greatest neat, 
and also to stop it entirely while making experiments. 

The gas-holdcn . a and b, are two Iwxes of painted tin, open 
At the bottom, and Tiade to fit a cistern of wood, about ^ve 
feet long, containing- iroter. These boxes are fixed in theii 
places, at each end of the cistern, by buttons, so ih^ they can- 
not rise when filled with gas. They may be two and a halt 
or three ieet deep, and two feet wide, or of any other size, 
according to the extent of the experiments proposed. The 
cistern must be several inches deeper than the boxes, so thai 
the water will rise above them. 

The two pipes convey the two gases separately to the point 
e, where they are soldered together, and on their united points 
is screwed a platina or silver tip. having a single orifice, at 
the end of which their combusuon is efiected. If the tip is 
of silver, it should be large, and care taken not to include It 
in the cavity of the charcoal support, while making experi- 
ments, otherwise it will be melted. 

Having such an apparatus ready, the gas-holders are put 
in their places, (ihe blowpipe being removed, until every 
ihing is prepared for experiment,) and water is poured into 
the cistern, ine stop-cocks being open tor the escape of the air.J 
When the cistern and boxes are full of water, the stop-cocks 
are closed, tlie blowpipe screwed on, and^ihe two gases are 
conveyed under the boxes by lubes, coming from the vessels 
where the gases are evolved. One of the boxes being filled 
with hydrogen and the other with oxygen, the bion-pipe is set 
in action by turning the stop-cock connected with the hydro- 
gen, and setting the gas on fire as it issues from the tip. (The 
oxygen is then admitted, when the ilame of the hydrogen 
will become less, being reduced to a small blue flame, which 
gives little light, and to the eye appears insignificant, and 
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lotally incapable of the calorific effects aHributed to thiscelfr 
brated machine.) But the Btudent who had never ivitnessed 
its powers, wiir'be struck with astonishment, when he finib 
(hat a piece of iron, or copper wire, held in this Uttle flame, 
burns with nearly the same facility, th^t a cotton thread con- 
sumes in a candle; and that a piece of tobacco pipe not larger 
than a kernel of corn, will give a li^t, from which he will 
instantly be forced to cover his eyes. 

The compound blowpipe melts the most reiractoiy BubsUI^ 
ces, and even dissipates in vapor those which are infusible by 
the beat furnaces. ("No means hitherto disco vered,^with the 
exception of the galvanic battery, produce calorific effects so 
intense as this blowpipe. 

Fig. 57. The pneumatic cislero 

"^ above described is represent- 

ed at Fig. 57, with the blow- 
pipe in its place. For schools 
or private experiments, pei- 

Pj . jj haps this is as cheap and 

I ]T|| convenient a form as can be 

IL. II [l_constructed ; since it serves 

—the purpose of gasometers for 
the blowpipe, and a cistern for experiments on all the gases 
where a water bath is employed. It is believed, afler having 
had occasion to direct the construction of several cisterns for 
the above named purposes, that the following dimensions are 
sufficient. Length of the cistern, 5^- feel ; depth, 2} or 3 
feel; width, -2 feet; gas-holdera or boxes, i feet square. The 
cistern to be made of pine boards, and well painted on both 
sidesbeforeit isused. The frame and legs on which it stands, 
must be separate from the cistern, about 18 inches high, and 
furnished with rollers. Such an apparatus, iocludiug tha 
blowpipe and boxes, costs about 14 dollars. 

Properties of Water. 

tt is unnecessary to describe the common properties of a 
fluid which is so universally knowu, that neither man aot 
animal can exist without iL The purest water not having un- 
dergone distillation, is that which falls from the clouds. — It 
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is transpatent, and without either taate or smell ; and being 
perfectly bland and neutral, it is to all animals, whose tastea 
nave not been vitiated, the most agreeable of drinks. 

The weight of water, as already shown, is the standard by 
which the weight or gravities of all solids and liquids are es- 
timated. The weight of a cubic foot of pure water is 1000 
avoirdupois ounces. A cubic inch of this fluid weighs, at th« 
temperature of GC, 252.52 grains, and consists of 28.00 
grains of hydrogen, and 224.46 grains of oxygen. By divi- 
ding 224.46 by 28,06, it may he seen how nearly these gases 
unite in the proportions of I and 8 to form water. The weight 
of water, when compared with that of air, is as 828 to 1. The 
efTect of temperature upon liquid water is "distinguished by a 
peculiarity of a very striking kind, and exhibits a departure ■ 
from the general laws of nature, for a purpose so obviously 
wise and beneficent, as to afford one of tne strongest and most 
impressive of those endless proofe of design and omniscience 
in the frame of creation, which it is the most exalled plea- 
sure of the chemist, no less than of the naturalist, to trace 
and admire. " All liquids, except water, contract in volume, 
as they cool down to their points of congelation;^ but the 
point of the greatest density in water is about 40"; its freez- 
ing point being 32°." As its temperature deviates from this 
point, either upwards or downwards, its density diminishes ; 
or in other words, its volume increases. This peculiar law 
ja of much greater importance in the economy of nature than 
might at first be supposed. The cold air which rushes from 
the polar regfions progressively abstracts the heat from the 
great natural basins of water, or lakes, till the whole mass 
13 reduced to 40° ; but at this point, by a wise Providence, 
the influence of the atmosphere no longer has this effect; for 
the superficial stratum, by farther cooling, becomes specifi- 
cally lighter, and instead of sinking to the bottom, as before, 
and displacing the ivacmer water, it now remains at the sur- 
fece, becomes converted into a cake of ice, and thus preserves 
the water under it from the influence of farther cold. 
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If, like meTcuTy, water continued to increase in density to 
Us freezing point, (the cold air would continue lo rob the mau 
of water of its hedt, until the whole sunk to 3%°, when it 
would immediately congeal into a solid mass of ice to the bot- 
tom, and thus ey^ry living animal it contained would perish. 
'In the northern or southern temperate zones, such masses of 
ice would never again be liquefied; a striking proof of the 
beneficence and design of the Creator in forming watei; with 
such an exception to the ordinary laws of nature. 

Wnier. in its natural state, always contains a quantity o. 
air. (This may be shown by placing it under the receiver of 
an air pump, for as the air is removed from the receiver, bub- 
bles will be seen to rise from the water. ^ The air in water is 
found lo contain a larg'er proportion of oxygen than the com- 
mon air of the atmosphera The lives of all such fishes as 
live entirely under the water, depend on the quantity of oxy- 
gen it contains, for no animal can live and move where oxy- 
gen does not exist. 

Deuloxide of Hydrogen. — 17, 

-2 p. Oxygen 16+1 p. Hydrogen, 1. 

Oxygenized Water. 

Water, in the scientific language of chemistry,laa the prot- 
cxide of kydTogenii being composed of hydrogen, with one 
proportion of oaygen. (See Nomenclature.) It was supposed 
that hydrogen was incapable of a farther degree of oxygen- 
ation, until 1818, when Thenard, aFrench chemist, showed 
thai by a certain intricate process, hydrogen could be made 
to combine with another dose of oxygen, and thus a new 
cojjitound was formed, called denioxide of hydrogen. 
[This compound is formed in precise accordance to the law 
of definite and multiple proportions, and consists of 2 propor- 
tions of oxygen and 1 of hydrogen, as stated at the head of 
this section. It is a highly curious and interesting compound. 
In some of its properties, it exactly resembles water, being 
inodorous and colourless; but in others, it is remarkably differ- 
ent It is corrosive to the skin, which it turns white, and to 
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the ttmgtie it is sharp and biting, and leavea a pecoliai me- 
tallic taste in the mouth. 

At the temperature oi' 58"^ it is decomposed, oxygen gab 
being erolred in abundance. It is therefore necessary, in 
the summer season, to keep it surrounded with ice. ^ It is also 
decqmpoaed and turned into common water by nearly aU the 
metals, and most rapidly by those which have the strongest 
attra<aion for oxygen. Some of the metallic oxides produce 
the same effect, without passing into a higher degree of oxi- 
dation, aiact which has not been satis&ctorily explained. 
The metals, silver and platinum, in a state of fine division, 
decompose this water, when thrown into it, with such energy 
as to produce explosions. The same effect ia produced by 
the oxides of silver, gold, mercury, manganese, and sevenu 
other metals. 

■ Nitrogen. — 14. 

This gas was formerly called iazote, which signifies life 
destroyer, because no animal can live when confined in it. 
But the same epithet might be applied to several other gasea, 
with equal propriety; and therefore,! being ihe basis of nitric 
acid, it is more properly called mtrogen. As the atmosphere 
is composed of fourfifths of nitrogen, thfs gas may be obtained 
by placing a mixture of iron filings and sulphur, a little 
moistened, in a confined portion of air, as' under a bell glass, 
over ivater. The mixiuie will absorb the oxygen from the 
air, and leave the nitrogen nearly pure. It may also be ob- 
tained by burning a piece of phosphorus in a vessel of air, 
inverted over water. The phosphorus forms phosphoric acid 
with the oxvgen of the air, which acid is absorbed by 'he 
water, thus leaving the nitrogen remaining in the vessel. 

Nitrogen is transparent, and without taste or smell, like 
common air. It is arranged aa a simple body, though there 
are reasons for believing that it is a compound. 

It. is destructive to animal life, and is a non-supporter of 
combustion. A lighted candle plunged into it, is instantly 
extinguished, and any animal soon dies when confined in it. 
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Y^ it exerts no iajurious influence on the langs, the priw 
don of oxygen being the sole cause of death, 
( Its specific gravity is a little leea than that of atmospheric 
ur.faitrogen being 0.9722, air being 1000. One hundred 
cubic inches weigh 29.7 grains. 

^Tien combine^ with oxygen in certain proporticms, i; 
forms nitric acid.^ Nitrogen exists in all animal substances, 
and in such plants as putrefy with an animal odour, as cab- 
bage and mushrooms.'' 

The Aimosphere. 

The air which we breathe is composed of 20 parts of oxy- 
gen, and 80 parts of nitrogen, to every 100 by volume.' 

Th'ese "proportions are found never to vary, except from 
local causesj Glay Lussac, in an aerial voyage, carried with 
him an exnaustea bottle, closely corked, and when at the 
heiffht of nearly 22,000 feet from the earth, he uncorked his 
bottle, and let m the air. It was then closely corked again, 
and brought to the earth. On examination, this air was 
found to contain precisely the same proportions of the two 
elements as that taken from the surface of the earth. Speci- 
mens of air have also been brought from Chimborazo, Mount 
Blanc, from the deserts of Africa, and from the midst of the 
oceans, and on analysis, they have all been found to contain 
the same proportions of the two'gases. 

These proportions are found by experiment to form the 
most agreeable air for respiration, and to t>e best fitted for 
the support of animal life. Animals confined in air, contain- 
ing more than the ordinary proportion of oxygen, have their 
respiration hurried, and become feverish, by over excitement ; 
while those confined to air which contains a less proportion 
of that gas, become languid and faint, from the want of its 
stimulating effects. 

Beeves these two gases, the atmosphere contains variable 
portions of carbonic acid gas, and aqueous vapor. The car- 
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bonic acid seems always to be present, since Saussnre foond 
it in the air of Mount Btnoc, taken from the height of 16,000 
feet above the level of the sea. lis proportion never exceeds 
one pari in a 100, in freely circulating air ; and it generally 
amounle to only 1,1000th or l,20OOih part of the whole. The 
proportion of aqueous vapor is also exceedingly variable, but 
seldom exceeds 1 part in 100. 

The air of particular situations, is also found to contain 
\ small quantities of carburetled hydrogen, or inflammable gas, 
and of ammoniaj but these are not constant. 

It has been a question among chemists, whether the two 
gases composing the atmosphere are simply in a state of mix- 
ture, or whether ihey exist in a slate of cnemical combina- 
tion. Mixture has commonly been distinguished from com- 
bination, by the spontaneous separation of the ingredients or 
the former. But, although oxygen is specifically heavier 
than nitrogen, no such instance has been found to occur. 

;Air, confined in a long tube standing vertically for many 
months, was found to contain the usual proportion of oxygen 
in ils upper pari. The proportions of its constituents are 
also definite, like those of energetic combinations. By 
weight, there are two proportions of nitrogen 28, with 1 of 
oxygen 8. And by volume 4 parts of the first, 80, to one of 
the latter, 20, in the 100, thus making the simple proportions 
of 4 to 1. 

It has, however, been found that other gases of different 

rific gravities mix with entire uniformity where il is Itnown 
no "chemical union exists between them. Thus, if one ves- 
sel be filled with carbonic acid gas, and another with hydro- 
gen gas, the latter being placed over the former, with a tube 
communicating between them, the two gases will mix with per- 
fect uniformity in a few hours. In this instance, a part of the 
carbonic acid, though 22 limes as heavy as the hydrogen, is 
found lo have ascended into the upper vessel, while a part ol 
the hydrogen, though 22 times lighter than the acid ghs, de- 
scends into the lower one. The cause of such an intimate 
mixture, under such circumstances, and without the influence 
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of chemical attraction, has not been explained. But the lact 
ia sufficient to show.'lhat the uniform mixture of the consti- 
tuents of the atmosphere may be accounted for. without a 
chemical unions 'The facility, also, with i\hich oiygen is 
ahfltracted from the atmosphere is against a chemical union. 
Thus, rain water contains a considerable portion of oxygen, 
besides a portion of atmospheric air. But the attraction of 
water for oxygen, is not supposed sufficient to overcome a 
chemical combination, and therefore did such a combination 
exist in the atmosphere, oxygen would not be found in water 
under sach circumstances. 

(On the whole, it is most probable, thai the constituents of 
the atmosphere exist in a state of mixture, and not in a stale 
of chemical union, I 

The oxygen of me atmosphere being the principle which 
supports life, and flame, it is obvious that large quantities of 
ibis gas must he consumed every day. and therefore that its 
quantity must diminish, unless there exists some source from 
which it is replaced. The quantity consumed, however, 
must be exceedingly small, in a definite period of time, when 
compared with the whole ; for the atmosphere not only en- 
tirely surrounds the earth, but extends above it, at every point, 
about 45 miles. 'Now, when we consider how small a pro- - 
portion of this immense mass, comes into contact with ani 
mala or fires at any one lime, and that it is only these small 
portions that become vitiated, we may suppose that ages 
would elapse before any difference could be detected in the 
quantity of oxygen, even were there no means of repleiust 
ment provided. . 

But the wisdom and design of Deity which the study of 
nature every where detects, and which as constantly seems 
ordained for the benefit and comfort of man, has not left so 
important a principle as that of vital air to be consumed, with- 
out a source of regeneration. 

It appears from experiments, that vegetation is the sourc« 
from which the atmosphere is replenished with oxygen, and 
so iar as is known, this is the only source. Growing plants, 
during the day, absorb carbonic acid from the atmosphere, 
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decompose the gas, emit the oxygen of which it ia in put 
composed, and retain the caibon to increase their growth.^ 
{See Vtgetation.) 

We have seen, under the article Oxygen, that when wood 
or carbon Is burned, that oxyg«n is iherehy converted into 
carbonic acid gas, and a greater or less proportion of this g&a 
contained in the atmosphere maybe attributed to this source. 
Here, then, we are able to trace another instance of the won- 
derful order and design of Omnipotence., The destruction 
of plants by burning, white the process absorbs the oxygen 
from the air, furnishes carbonic acid, which in its turn, is de- 
composed by growing vegetables, the carbon being again 
converted into wood, while the oxygen goes to replenish the 
loss created by the burning, and to purify the atmosphere for 



In addition In the reasons formerly assigned for supposing 
the atmosphere not to be a chemical compound, may be ad- 
duced the feet,' that most other combinations of nitrogen and 
oxygen produce corrosive or noxious substances. 

Five such compounds are known lo chemists, and they all 
admirably illustrate the changes produced by chemical com- 
binations, as already noticed under the article Affinity. They 
also confirm the truth of the doctrine of muhiple proportions, 
having been adduced, as illustrations of this principle, under 
the same article. Some of the most material properties of ' 
each of these compounds will be stated, beginning with that 
containing the least proportioii of oxygen, and ending with 
that containing the most. 

Protoxidi of NitT0gen.~22. 

1 p. Nitrogen 14X1 p. Oxygen 8. 

^iitrtms Oxide. 

The best method of obtaining this gas is by fusing a salt 
called nitrate of ammowia. This salt may readily be formed 
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^yraixini; carbonateof ammonia with nitric acid (aqua foitia) 
diluted with four or five parts of water, and then evapora- 
ting the solution by a gentle heat.> The ammonia should be 
added in amal! lumps until the efferreacence ceases ; and the 
evaporation continued until a drop of it, placed on glass, con- 

- Having prepared the salt, the nitrous oxide or exhUarating 
gas nmy be procured from it, and its effects (by respiration 
tried by the following simple means, when no better appara- 
tna can be obtained.'^ 

Prepare a Florence flaak, as shown at Fig. 35, and into 
this put four or five ounces of the nitrate of ammonia. For 
a gaa holder, fit to a large stoneware jug a cork pierced with 
two apertures with a burning iron ; into one of the aperturea 
pass a tube of glass or tin, so that it shall reach nearly to the 
bottom when the cork is in its place, and stop the other ori- 
fice with a cork. 

For a pneumatic cistern, take a common wash tub, and fit 
to it a atnp of board passing through the middle, and about 
four inches from the top, so that wnen the tub is filled with 
water, the board will be covered. Through Ihe board cut a 
liole to receive the neck of the jug, so that it will stand in- 
verted. 

Having prepared things in this manner, fill the ju^ with 
water, and mve>t it in the tub, also previously filled with wa- 
ter. Thea bend the tube belonging to the fiask, so that it will 
enter the mouth of the jug, while the flask itself stands on a 
ring of the lamp furnace, and apply a gentle heal. 

If no lamp furnace is at hand, the ftoak may be suspended 
by a wire or siring, -and heated by a common lamp, or a few 
coals. The salt will soon melt and become fluid and trans- 
parent, when ihe gas will be extricated in abundance. When 
the jug is nearly full, which will af)pear by the sound of the 
bubbles^ slip the hand under its mouth, and having set it up- 
right, immediately put the cork with the tube through it, in 
its place. As the nitrous oxide sometimes contains a mix- 
ture of|bilric oxide, or deuioxide of nitrogen, tivbioh is danger- 
Qos to respite, but which is absorbed by water, it is suest 
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before the gas is respired to let it stand aa hour OT two, with 
the water remaining in the jug. 

To respire the gas, prepare a bladder, or oiled silk bag, by 
attaching to it a tube which fits closely to the second aper- 
ture in the large cork, and having squeeztd all the air out a. 
the bladder, or bag, remove the small cork and pass io the 
tube. 

Next pour such a ouantin of water into the jug through 
the long tube as it is aesirea to obtain gaa in the bag. Now 
the gas cannot escape through the long tube, because its 
lower end is in the water, nor can it escape through the mouth 
of the jug, this being closed by the cork ; it therefore pass^ 
into the bag. When this is full, withdraw the tube from the 
jug, and having expired, or thrown the air from the lungs, 
close the nose with one hand, and with the other apply tne 
tube to the lips and breathe the gaa from the hag into the 
lungs, and from the lungs to the hag. Sir H. Davy respired 
12 quarts, but the medium dose is from 4 to 8 quarts for an 
adult. 

On some persons this gas has a highly exhilarating or in- 
toxicating enect. and produces the most agreeable sensations, 
oflen attended hy momentary mental hallucinations, and cor- 
responding actions. On others it produces menial depression, 
and melancholy forebodings. Its action commonly continues 
only for a few moments, and its effects seldom or never pro- 
duce a state of languor or debility, which might be expected 
to follow such a degree of excitement. 

The composition of the protoxide of nitrogen by volume, 
is|nitrogen 100. and oxygen 50. ' 100 cubic inches of this 
gas weighs 46.5 grains,(and its specific gravity is thereforo 
1.5, air being 1. It is transparent, aud colorless, has a sweet- 
ish taste, and an agreeable aromatic smell. It is a supporter 
of combustion, and many subetances bum in it with far 
greater energy than in atmospheric air. The burning body 
absorbs the oxygen from the nitrous oxide and thtis the oitio- - 
gea remains in the vessel 
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Iteuloxide of NiiTogen. — 30. 

1 p. Nitrogen 14+2 p-. Oxygen 16. 

Nitric Oxide. Nitrous Gas. 

Deutoxide of nitrogen, as expressed above, and as its name 
jignifies, contains two proportions of oxygen to oiie of nitro- 
gen. It was formerly called nitric oxide, and nitrous gax, 
but analysis having shown its composition, its name is fixed in 
accordance. This gas is formed by the action of nitric acid. 
on copper. Having introduced some copper turnings or 
filings into a retort, pour on them a quantity of strong nitric 
ncid or aqua fortis. A violent effervescence will ensue, and 
the gas will escape in abundance. At first it will appear of 
a deep red colour, which is owing to the presence of atmos- 
pheric air in the retort ; but on passing it through water the 
red fumes are absorbed, and the nitrous gas remains pure and 
colorless. 

To understand the chemical changes by which this gas is 
formed,, it is necessary to state that nitric acid is composed of 
40 parts of oxygen and 14 parts of nitrogen, and that this 
acid is decomposed by the process'. A part of the oxygen of 
the acid unites with the copper, and forms an oxide of the 
metal, while another part of the oxygen continues in union 
with the nitrogen, forming a deutoxide of nitrogen, which, as 
already seen, contains only 16 parts of oxygen. The gaseous 
form of the deutoxide is owing to the absorption of a quantity 
of caloric at fbe instant of its formation. The evolution of 
this gas is therefore owing to the abstraction of a part of the 
oxygen from nitric acid, by the copper. Other metals, and 
particularly quicksilver, will produce the same efiect. 

Nitrous gas, when pure, is sparingly absorbed by water. 
It, is a Utile heavier than atmospheric air, 100 cubic inches 
weighing 31.7 grains, while the same quantity of air weighs 
30.5 grains. It cannot be respired, even in small quantity, 
without a sense of suffocation, and violent coughing. It in- 
stantly extinguishes the flame of most substances, when 
plunged into it, but if charcoal, or phosphorus, in a state of 
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Vivid combustioD, be immersed in it, its oxygen is absorbed 
and they buni with increased energy. 

When mixed with almospheric air, red Aimes are genera- 
ted, as already noticed. This is owing to the union of the 
oxygen of the atmosphere with the nitrous gas. When pare 
oxygen is added to a portion of this gas, the red becomes still 
deeper, and there is formed nitrous acid, which is entirely ab- 
sorbed by water. Thus these two gases, nitrous gas and 03fy- 
gen, are a delicate test for each other, the smallest quantity of 
the one being detected by introducing a quantity of the other. 

From the properly of the nitrous gas above stated, it has 
been employed in Eudiometry, ilial is, to ascertain the purity 
of the atmosphere, or the quantity of oxygen it contains. 

The method by which this is done, is to confine a certain 
portion of air in a graduated Inbe, and then to introduce into 
the tube, a sufficient quantity of the gas to unite with all the 
oxygen ii contains. Then as the compound formed between 
the oxygen and the nitrous gas is entirely absorbed by water, 
it is readily seen by the graduated lube what proportion of 
air has disappeared, after agitating the mixture with water, 
and consequently how much oxygen it contained. 

The composition of deutoxide of nitrogen has been aCTiu- 
rately ascertained by burning charcoal in it, which absorbs 
all the o.tygen, amounting to exactly one half the volume of 
the whole, and leaves the nitrogen, which amounts to the 
other half By this analysis, il is found that 100 parts ot 
this gas lose 50 parts of oxygeli, and that 50 parts of nitroger 
remain. 

50 cubic inches of oxygen weigh 16.8 grains, 
50 cubic inches of nitrogen weigh 14.9 grains. 

The 100 parts therefore weigh 31,7 grains. 
The equivalent composition therefore is 

1 atom, or equivalent of nitrogen 14 

2 do. do. oxygen 16 

30 
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Nitrous Acid — 46. 
1 p. Nitrogen 14+4 p. Oxygen 32. 

The neiE compound of nitrogen and oxygen which w« 
shall notice Js nitrous acid. 

This acid ia fonned by adding oxygen to the compooud 
last described, in consequence of which, the nitrogen of that 
compound combines with another portion of oxygen eqaal to 
that which it before contained. The deutoxide contained 2 
proportionals of oxygen, 16. The nitrous acid contains 4 
proportionals of oxygen, 32. Between these, there is a hy- 
pothelica) ciDmpound, containing 3 proportions of oxygen, but 
which has not been obtained in a free state. This is called 
hyponitrons acid, and by some subnitrous acid, because it 
contains less oxygen than nilroua acid. 

Nitrous acid may also be obtained by the distillation of 
nitrate of lead, in a retort. (See Nitrate of Lead.) During 
the distillation, the receiver should be kept cold, by surround 
ing it with ice. 

By either of these methods, there is obtained a vapour, or 
gas, of a deep orange red colour, which is the nitric acid in 
a gaseous state, ^a obtain it pure, it is, however, necessary 
that the receiver should be first exhausted by the air pump, 
because the gas is instantly absorbed by water, and a mercu- 
rial bath cannot be employed, 'because the gas acts upon that 
metal. 

By volume this acid is composed of. 

Nitrogen 100 By weight, Nitrogen 14 

Oxygen 200 Oxygen 32 

300 46 

Nitrous acid, in its fuming state, is totally irrespirable; but 
Rupporta the combustion of phosphorus or charcoal, when 
these are introduced into it in a state of combustion. 

Water absorbs this gas in large quantities, and acquires 
thereby, first a green and afterwards a blue tint. It still 
more be added, it becomes yellow, or colourless, and forms a 
solution of nitrous acid in water. 
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Nitric Aeid — 54. 

1 p, Nitrogen 14+5 p. Oxygen 40. 

Aqtta FoTtis 

If a mixture of oxygen and nilrogen be confined in a glasa 
tube containing a litile water, and powerful electrical sbocka 
be passed through this mixture, the water, after a continued 
succession of such shocks, will possess acid properties. By 
this process, the two gases are made to combine, and form 
nitric acid, which is absorbed by the water. 

This experiment is designed merely to prove that the acid 
in question is formed of oxygen and nitrogen. 

The usual mode of forming this acid, is by (he distillation 
of ihe nilraU of potash, more commonly called nitre, or sa'.P 
pelre, with sulphuric acid. The proportions are four parts ot 
nitre, in coarse powder, with three parts of the acid by weight 
The receiver must be large, and kept cold, otherwise much 
of the acid will escape before it is condensed. .The strongest 
acid is formed when no water is placed in the receiver, that 
already combined with the sulphuric acid being sufficient to 
condense the nitric acid vapor as it is formed. 

The strongest nitrif acid is without color, and has a spe- 
cific gravity of 1.5, that is, this acid is by one half heavier 
than water. In this stale it contains 25 per cent, of water. 

The dry nitric acid, which is formed by the condensation 
of its coDSlituenl gases, contains no water, and is composed, 
as stated at the head of this section, of 1 proportion of nitro- 
gen, 14, and 5 proportions of oxygen, 40. The combining 
number of the aiy acid is, therefore, 54. 

The acid obtamed by distillation contains the same ele- 
ments as the dry acid, and in the same proportions, but with 
the addition of two proportions of water. Now, the combi- 
ning proportion of water being 9, that is, oxygen 8 and hy- 
drogen 1, it is easy, by the above data, to find the combining 
or equivalent number foi liquid nitric acid. It may be slated 
thus: 
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1 prop, of Nitragen 14 
6 prop, of 03tygen 40 



2 prop, water 



54 dry acid. 



72 liquid acid. 

The acid in this state ia called hydro nitric acid, from 
Greek word signifying water, to denote its combination with 
ih^t fluid. When this acid combines wilh other substances 
il abandons "he water, which therefore is not reclioned in its 
equivalent number. In this state it is called anhydrous nitric 
acid, denoting that it contains no water. 

Nitric acidis an exceedingly acrid and corrosive substance. 
It stains the skin and nails of a permanent yellow, and is an 
active poison when swallowed. 

It parts with its oxygen wilh great facility, and hence is 
decomposed by nearly every comoustible body. It combines 
with most of the metals, and decomposes all vegetable and 
animal substances. 

As a proof of the slight degree of force with which this 
acid retains its oxygen, take some warm, dry, and finely pow- 
dered charcoal, and pour on il a few drachms of strong nitric 
acid. The charcoal will be ignited, wilh the emission of im- 
mense volumes of red fumes. By this process the acid is 
decomposed, and parts wilh 2 or 3 portions of ils oxygen to 
the charcoal, in consequence of which it is converted into 
nitrous acid, and deutoxide of nitrogen, which pass off in the 
form of red fumes. 

If an ounce of the spirit of turpentine be placed in a cup, 
and on it there be poured suddenly, about half an ounce of 
•his acid, the turpentine will be inflamed wilh an explosion, 
sending forth a great quantity of black smoke, and often 
throwing the acid and fire to a considerable distanca 
' In both these cases, the acid parts with its oxygen with so 
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macli freedom, aud the combustibles absorb it with sueli avi* 
dity, BS to set them on fire. 

In making the latter experiment, the ™1 containing the 
acid shoold he tied to a long stick, otherwise the operator 
will be in danger from the explosion. 

Nitric acid forms a great number and variety of salts, 
when combined with the different metals, earths, and alktiliea. 
Most of these salts scintillate when thrown on burning char- 
coal. This is in consequence of the oxygen which the salt 
emits when exposed to heat, and by which the conibustion o( 
the charcoal is rendered mqre vivid. This scintillation is 
asure proof that the salt is a nitrate. 

All the nitrates are soluble in water, and many of them 
famish oxygen gas of more or less purity when heated in a 
retort 

MT ROUEN AMD HYDROflXN. 

AinmoTtia 17. 

1 p. Nitrogen 14+3 p. Hydrogen 3. 

Hartshorn. 

There is a substance well known to artists, and others, by 
the name of sal-ammtntiac. In chemistry its name is muriate 
of ammonia. If some of this substance be pulverized by 
itaeli, and then mixed with an equal portion of unslaked 
quicklime, also in powder, and then introduced into a retort, 
upon the application of a gentle heat, there wUl arise an ex- 
tremely pungent gas, which is ammonia. 

Water absorbs this gas with great avidity, and in large 
quantities, and consequently it cannot be collected like most 
other gases, by means of the water bath. 

In the absence of a mercurial bath, therefore, its proper- 
ties can be examined by receiving it in a bladder attached 
to the retort, or by means of a tall bell glass, and the appa- 
ratus described at Fig. 40. This gas is transparent, and co-' 
loilesB. In its pure state it cannot be respired. An animal 
. cannot live in it, and it extinguishes the flame of burning 
bodies. jr 
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This gas is composed of 

1 eqiuTalenl or atom of nitrogen 14 
3 do. do. hydiogen 3 

Its combining weight is therefore 17 

It is much lighter than atmospheric air, 100 cubic inches 
weighing mil y 18 grains. 

When tms gas is absorbed by water, which will take up 
more than 500 limes its own bulk of it, there is formed the 
well known pungent liquid called spirit of sal ammoniac, or 
tpiril of haTtshom, and by the apothecaries, liquid ammonia. 

When ammoniacal gas is submitted lo the pressure of 6 or 
7atmospheres, equal in the whole lo about 100 or 120 pounds 
to the square inch, it is condensed into a clear colorless 
liquid, but when the pressure is removed,' it again expauda, 
and assumes its former gaseous slate. 

Ammonia is called the volatile alkali, by which it is distin- 
guished from the ^x«(f alkalies, soda and potash. It possesses, 
fuUy, all the properties of an alkali, having an acrid laste, a 
strong afSnity for water, and being capable of neutralizing 
the corrosive qualities of the acids. 

The article used in smelling bottles, and called volatile saits, 
and salt of haTtshom, is a carbonate of ammonia. 

The salts of ammonia, and particularly the muriate and 
carbonate, are articles of considerable importance In com- 
merce, in the arts, and in medicine. 

Carbon. — 6. 

Nature fumiahea carbon in its purest stale, in the form ol 
thatprecious gem, the diamottd. 

That the diamond is nothing but pure carbon, is proved by 
direct analysis. If in a glass vessel containing oxygen gas, 
a piece of diamond be placed, and then exposed to the intense 
heat of a large convex lens, or burning glass, the diamond ' 
entirely disappears, and there remains in the vessel carbonic 
acid, instead of oxygen. Thus the diamond, like other com- 
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bustibles, forms carbonic acid by being' burned, or by uniting 
with oxygen. When charcoal, or carbon from wood, is burnea 
in pure oxygen gas, exactly the same result is produced, the 
charcoal entirely disappears, and the oxygen is converted mlo 
carbonic acid. 

Charcoal may be obtained for experiments, by burying 
wood under sand, in a crucible, and exposing it to an intense, 
heat for an hour or two. By this process, f^^i'ater and 
other ingredients of which wood is composed are driven off, 
and the carbon remains. 

Both diamond and charcoal sustain the most intense de 
grees of heat, without change, provided oxvgen is entirely 
excluded from them. Charcoal, when newly prepared, pos- 
sesses the properly of absorbing large qnaniities of air, or 
other gases, at common temperatures, and of yielding the 
greater part of them again when heated. There is, however, 
a great difference in respect to the quantity absorbed, depend- 
ing on the kind of gas with which the experiment is niade. 
Ammoniaca! gas is taken up in the largest quantity, this be- 
ing 90 limes the bulk of the charcoal. Muriatic acid gas i& 
absorbed in the proportion of 85 limes the bulk of the char- 
coal. Other gases are absorbed only in small proportions, 
nitrogen being only 7^ limes, and hydrogen 1.T5 limes the 
bulk of ihe charcoal. The greatest absorption takes place in 
charcoal made from the most compact kinds of wood, and the 
amoimt is much diminished when the charcoal is reduced to 
powder. Charcoal, recently prepared, has the property of re- 
sisting putrefaction in animal substances, and of lendering 
such substances sweet, after they are tainted. The most offen- 
sive stagnant water, loses its odor and becomes perfectly 
sweet by being filtered through powdered charcoal. 

It also destroys the color of many substances. Vinegar 
loses its color, and becomes transparent like water, by being 
boiled with citarcoal, and red wines, or colored brandy, are 
bleached by passing through iL The best charcoal for these 
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{rarpoaes » prepared by calcining animal subManees in close 
Tttsaels. ', 

In the present state of knowledge, charcoal is a (^simple sub- 
stance, ihaTing resisted all attempts to decompose, or separate 
it into other elements. Its atomic weight or combining num- 
ber is 6, this being the proportion in Which it is found to unite 
-with oxygen, to form carbonic acid, and in no instance has it 
been detect^ in a less proportion ia combination. 



CARBON ANB OXYOBN. 

Carbonic A.cid~-'22. '■ 

1 p. Carbon 6+2 p. Oxygen 1& 

I\xed Air. 

It has just been stated, that when diamond or charcoal is 
burned in oxygenjthe latter ia changed into carbonic acid.'; 
3y this process the volume of oxygen is not changed, but its 
weight is increased by exactly the amount of the ifiamond, or 
charcoal, consumed. ' Carbonic acid, therefore, consists of 
oxygen, with a quantity of charcoal dissolved is, ot combined 
wiih it. 

This acid can, however, be obtained by a much cheaper, 
%ad more direct method, ihan by the combustion of diamond, 
or even of charcoal, in oxygen gas. 

I^^arbonic acid exists in a fixed state, in vast abundance.'^as 
a part of ihe composition of limestone or marble.^. This che- 
mical compound, so abundant in nature as to forta immense 
mountains, ia composed of 22. parts of carbonic acid, and Z9 
of lime. 

(XJarbonic acid may therefore be obtained most readily, bv 
exposing carbonate of lime to the action of some acid whicB 
has a slTonger affiiiity to the lime than the acid has with 
which it is naturally combined, and thus by forming a new 
compound between the lime and the stronger acid, the car - 
bdluc acid will be set at liberty, i 
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"*"■ For this put 

poae, iiitroduc« 
pure while mar 
ble, in small frag- 
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tled, fig. 58. hav- ■ 
inglhe bent lube 
c, connected with 
one of the necks 
and passing un- 
der the jar d, fill- 
ed with water, 
and inverted in 
the water bath. 
Then pour 

through the fiinnel 6, some sulphuric acid, dihiled with five, 
or six parts of ^yaler. Effervescence will immediately en- 
sue, in consequence of the escape of the gas, which in a few 
minutes will be seen to rise in bubbles through the water in 

The chemical changes during this, process illustrate the 
law of simple affinity, formerly explained, viz.^that one sub- 
stance may have an attraction for several others, but with dif- 
ferent degrees of force'. Thus lime has on affinity for carbo- 
nic acid, with which it combines and forms carbonate of lime. 
But sulphuric acid having a still stronger attraction for the 
lime, when this is added, the carbonate is decomposed, the 
sulphuric acid and lime unite andfform sulphate of hme.^vhile 
the carbonic acid being thus rejected, escapes in the form of 
gas. 

This gas is inodorous, colourless, and elastic. It extin- 
guishes burning substances of all kinds, and is so poisonous, 
that a small quantity of it mix6d with atmospheric air destroys 
animal life. 

' It is this gas which destroys the lives of many person^, every 
winter, in consequence of ivarming close rooms wilh open 
vesaeja of burning charcoal. In such cases the air becomes 
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DOJiioua from two causes ; the charcoal, by abstracting th« 
oxygen from the atmosphere, would leare only the niiroget^ 
which, as we have already seen, wiU not support animal liffii 
The mere absence of the oxygen would, therefore, be the ne- 
gative means of destroying life. But this ia not the most ac- 
tive cause of destruction. fThe air ia not only deprived of its 
oxygen, by the burning charcoaJ, but the oxygen, by uniting 
with the charcoal, becomes an absolute poisoQt this is indeed 
of so deleterious a nature, thai when purePit causes death by 
producing a spasm of the glottis, thus closing entirely the 
passage to the lungs, and when mixed with atmospheric air, 
m such a proportion' as to be taken into the lungs, tt then 
acts as a narcotic poison, producing dimness of sight, loss of 
strength,' dillicuhy of breathing, then entire suspension of 
respiration, and finally, insensibility, apoplexy, and death. 

When limestone is exposed to heat, this gas is driven off, 
and in consequence of llus loss, the limestone ia converted 
into quicklime, a substance well known as the basis of moi- 
lar for building. The gas, thus extricated, being quite pure, 
is exceedingly deleterious, and sometimes proves &tal to the 
workmen and others in the vicinity of the kiln, whert th« 
burning ia performed. 

M. Foder states, that in the year 1806, a femily residing 
at Marseilles, consisting of seven persons, were all rendered 
apoplectic, in consequence of breathing carbonic acid, which 
was extricated from an oven in the yard of the house, where 
limestone was burning. The gas had come into the houae 
through the door and windows, and by some means it was 
found, during the night, that the &mily were in danger, and 
the alarm was given, but not in time for any one to escape. 
In the morning all the seven were found in different places, 
one on the stairs, one on the step of the door. &c^ with 
lampa in their hands, in the attitude of flight; but the dele- 
terious gas had taken away their strength, and put out their 
lights. They all appeared to have fallen down of apoplexy, 
while attempting to escape death by flight. Five were dead 
beyond recovery, but the two oihera were brought to life. 
(Some people, who are perfectly aware of the poisonous 
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effecta of die air arising from i^iied charcoal, which has 
been prepared in coal-pits, aiill unaccountably believe, that 
the coals from a common fire are innocenl. This opinion 
has probably arisen from the circumstance, that coals from 
the nre are taken up with a quantity of aahes, in which they 
are chiefly covered, so that their combustion is made lesa 
rapid, ihan when charcoal alone is uSed. But that there is 
no difference in respect to the poisonous property of this gas, 
whether the charcoal has been prepared in a coal pit, or on 
the hearth, ia proved by the fiu:t, that a respectable citizra 
and his wife, a short time since, had nearly &llen victims ta 
this mistaken opinion. 

Water absorbs carbonic acid from the atmosphere, and it 
is owing to its presence in spring and well water, that we ar^ 
indebtea to their pleasant flavour. | Boiling causes this gas to 
escape in consequence of the heat,:and whoever has tasted ol 
water immediately from a fountain, and of another portion 
of the same water, which has been boiled, will observe a re- 
markable difference. Water which has been recently boiled, 
will absorb its own bulk of carbonic acid, when agitated with 
it The smart and agreeable taste peculiar to aoda water, 
to lively beer, champaigne. cider, and porter, is owing to the 
presence of this gas. This shows that, though a deadly 
poison when taken into (he lungs, it may be taken into the 
stomach, not only with impunity, but with pleasure! 

(^he poisonous quality of this gas is a striking instance of 
the change produced on bodies by chemical combination.' 
€%arcoal alone is so inert as to be taken into the stomach ia 
any quantity, without other deleterious efiecta, than what 
might arise from over distention, and irt fine powder it is sa 
br fri}m being injurious to the lungs, that the coalmen consi- 
der their business as of the most healthy kind. Oxygen, as 
it exists in the atmosphere, is the very pabulum of animal life, 
and when perfectly pure, may be respired without any other 
Ul effects, except what arise from over excitement. But when 
these two substances are chemically united, they form, m. 
already described, a compound of the most deleterious kind. 
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■ poison which, according to M. Hall6, destroys animal life 
in the space of two minutes. 

The specific gravity of this gas is . 1.52, air being 1 [ so 
that it is about one half heavier than air. It may be poured 
fi;om one Teasel to another like water, and as it instantly ex- 
tinguishes flame, lights may be put out with it. in a manner 
which will puzzle and astonish those who are not in the se- 
era. If a short piece of candie be lighted and set in a tum- 
bler, and then a jar of this gas, which in appearance contains 
nothing, be held so that its contents run into the tumbler, tba 
light will be as effectually e-xiinguiahed, as though the tum- 
bler had been filled with so much water. 

;One of the best tests of the presence of this acid is lime 
water, which though perfectly transparent before, f instantly 
becomes cloudy, or t,urbid, when the smallest quantity of this 
gas is blown into it. . The small quantity of carbonic acid 
which is generated in the lungs at every inspiration, is suf- 
ficient to form a precipitate in lime water. (See Respira- 
tion.) 

The cause which renders lime water turbid by being mixed 
with carbonic acid is easily understood. Water dissolves a 
small quantity of lime which it holds in solution ; but carbo- 
nate of lime is insoluble in water. When carbonic acid ia 
. blown into a vessel of lime water, the lime instantly combines 
with it, forming a carbonate of lime, which, being insoluble, 
IB seen in the form of a white cloud. The carbfmate thus 
fiiimed, being heavier than water, sinks to the bottom, or is 
precipitated. 

The large quantities of this acid which are formed by com- 
bustion and reGpiration, it might be supposed, would increase 
. the quantity in the atmosphere, particularly in crowded ma- 
nufacturing cities, so as to make the air poisonous, f BxA as 
already explained, the wisdom of Omnipotence has prevented 
the accumulation of this gas in particular places, in conso' 
quenceof its specific gravity, for experiment shows, that not- 
withstanding the great difierence existing among the gases 
tu this respect, ihey all mix uniformly. ' Hence, by this won- 
derful provision, or exception to the general law of gravity, 
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Hiia gas, though extricated in immense volumes in the (re« 
crpen air, soon diffuses itself on all sides, and mixeB with the 
surrounding atmosphere, so as seldom to prove deleterious hy 
. local accumulation. 

The composition of this gas has been detennined with ac- 
curacy, and as seen at the head of this seclion/il is composed 
of 2 proportions of oxygen 16, and 1 proportion of carlwn 6^ 
hence its combining weight is 22: 

Carbonic Oxide. — 14. 
1 p. Carbon 6+ 1 p. Oxygen 8. 

When two parts of chalk, and one of iron filings, are mixt^ 
together and heated in a gun-barrel, carbonic oxide gas is 
obtained. 

The student will readily understand the principle of its 
formation. An oxide contains too small a proportion of oxy- 
gen to form an acid. When lime or chalk is heated, carbonic 
acid is extricated, and when iron is heated, it has a strong 
ottraction for oxygen. When therefore the chalk and iron 
filings are heated together, we may suppose, in the first place, 
that the carbonic acid is extricated, as usual, but that the iron 
instantly absorbs one half of its oxygen, thus converting the 
acid gas into an oxide.) ' 

.This gas possesses the mechanical properties, color, and 
transparency of carbonic acid. Like that gas, it extinguishee 
the flame of burning bodies, but is itself inflammable, the 
light which it puts out, setting it on fire at the surface, where 
it burns quietly, with a pale, lambent flame. The combining 
proportion of carbon has been determined from this com 
pound, its elements, carbon and oxygen, having never beeii 
found to combine in smaller proportions than' 6 of carbon and 
8 of oxygen by weight.' 

SULPHUR 16. 

Sulphur is found in the vicinity of volcanoes in large quan- 
titiesibeing sublimed^ or brought up from the depths below, W 
the heat of the volcano, where it existed in combination wi^ 
the metals. It is also found combined with various metals, 
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fermiitg tnipkureli, a claw of com^uuds hereafter to be 0» 

Bioined ; nor is it enlirely wanting ia the animal and reg^fe- 

ble kingdoms, many substancea in each containing it in smaD 

Quantities. 

' Sulphur is a, well known brittle solid, of a greenisli yellow 

color, which has little or no taste, but which emits a peculiar 

odour when heated, or rubbed.y 

Its specific gravity is nearly|2, water being 1.' When 
heated to a temperature a little above boiling water, it meltg; 
and becomes completely fluid. In this state it is cast into 
moulds, and is'lcnown in commerce under the name of roll 
hrimttone. ■ If the heat is raised <o 300°, it loses its fluidity, 
becomes viscid, and acquires a reddish color. If in thia 
state it be poured into water, it becomes ductile, and is then 
employed to take the impiessione of medals and seals; 
The color and texture of these felse medals have the appear- 
ance of some metallic alloy, and those who are unacquaint- 
ed with their composition, taking them for such, are at first 
surprised at their lightness. 

When sulphur is heated to 500° in a close vessel, it rises 
in vapor, or sublimes, and is condensed unchanged, except in 
form, which is that of an impalpable powder, well known 
under the name of floweTt of ivJ^hur. In this mannei it 
is purified. 

Sulphur combines with the^eanhs, alkalies, t^ie metals, and 
with several proportions of oxygen. ' Its compounds are there- 
fore numerous, and some of'^ Uiem interesting. It has not 
been found combined with any substance in a less proportion 
thai] 16^ with which it forms an acid, called the hyposulphur- 
ous, when united to 8 parts of oxygen. 
. Sulphur, so &r as known, Is a simple body ; all attempts 
to decompose it, having proved fruitless. 

SULPHUR AND ox Y OEM. 

StUfhuffnu Acid — 32. 

1 p. Snlphui 16+2. p. Oxygen 16. 

When sulphur is burned in pure oxygen gas, the latter 
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mffers no changre of volnme, but acquirer a most snffi>catii)g 
flod pungent odour, and nuuiy new properties, entirely di&r- 
ent from those of oxygen. Tlie compound so formed is svl- 
pAurous acid gaa. It is colourless and tranGparent;(^ extin- 
guishes flame and animal life j and first turns vegetable blue 
oolours to a red, and then desltoya themV When diluted with 
a large proportion of atmospheric air, it is still so acrid as to • 
produce a sense of sufibealion and violent coughing on those 
who attempt to breathe it. * 

It is the same gas which is form«d<wIien snli^ur is burned 
in the open air. but when burned with oxygeiftl is pure and 
undiluted. It possesses the property of bleaching linen, silk, 
straw, &c,, and hence is employed by milliners and others 
for this purpose. 

Its specific gravity is more than double that of atnioapheric 
air, and hence it maybe kepi for some time in jars by mere- 
ly covering them with a piece of glass. Its equivalent com- 
position is IGsulphurand ISoxygen^^ Its bleaching proper- 
ty may be shown, by introducing a red rose, or other coloured 
flower, into a jar containing it, which will soon become white?) 
The rose must first be moistened, otherwise the espeiiment 
will not succeed. 'The colour may again be restored by an 
alkali. This gas has a strong disposition (o unite with another 
proportion of oxygen, and hence it will revive some metallic 
o;cides, by depriving them of iheir oxygen. 

This property may be used as the means of making an 
interesting experiment. 

Make a solution of acetate (sugar) of lead in pure water, 
and with it moisten a piece of ribbon, or a small plant, such 
as a sprig of mint. The thing moistened of course presents 
no other appearance than if wel with common water, but when 
plunged for a moment into a jar of this gaa, it comes out com- 
pletely covered with a coat of brilliant metallic lead. 

This chemical change is thus explained. [The acetate of 
lead is an oxide of the metal, dissolved in the acetic acid, or 
vinegar. The sulphurous acid having a stronger attiaction 
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fbcDzygien' tbtn the lead has, the acMat« u docompoaed by 
bong, derived ofita oxvgenby the acid, and is thus rerired, 
oi brought to its metallic state. ) 

According to Mr. Faraday, the sulphurous acid ia conden- 
sed and brought inlo the liquid stal^f'by being submitted to 
the pressure of two atmospheres, which is equal to that of 30 
pounds to the square inctt'i 

This acid unites with metallic oiides, and forma salts, called 

Stdpkuric Aeid—40. 

1 p. Sulphur 16+3 p. Oxygen 24. 

Oil of Yilriol. 

Sulphuric acid is an article of considerable conaequrace in 
commerce and the arts, and is prepared in large quantities in 
Europe and America. 

It was formerly obtained by the disiillatiou of a well known 
substance called green vitriol or copperas, and was therefore 
called oil of vitriol. ' The composition of this acid as above 
seen, gives it the name of sulphuric acid; and green vitriol, 
therefore, which is composed of this acid and iron, is the 
sulphdle of iron. ' 

By distilling this substnnce at a high heat, it is decomposed, 
and the acid ia obtained in the form of a dense, colorless, 
liquid, of an oily appearance, 'which emits copious white 
filmed in the air. If this liquid be again distilled at a lowei 
degree of heal, into a receiver surrounded with ice, there will 
pass over a colorlesa vapor, which will condense in the re- 
ceiver, in the form of a while crystalline solid. This solid 
is dry, or anhydrom sulphuric acid, so called, because itcon- 

The sulphuric acid of commerce,- is this solid dissolved ia 
water. This acid is prepared by the combustion of 8 parts 
of sulphur mixed with 1 part of nitre, in large chambers lined 
with sheet lead. The acid is formed in the state of gas, 
'and ia absorbed by a thin atiatum of water placed oa the floor 
of the chamber. The following is the theory of this pro- 
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cess. The sulphurous acid, formed by the burning mlidiar 
takes a portion of oxygen from the nitre, and is converted 
into sulphuric acid. This acid then combines with the potash 
of the nitre, and displaces nitrous and nitric acids in vapor 
These vapors are decomposed by the sulphurous acid into 
nitrous gas, or deuioxide of nitrogen. This gas, suddenly 
expanded by the heal, rises to the roof of the chamber, where 
there is an aperture communicating with the open air. 
There it absorbs a portion of oxygen from the atmosphere. 
Bud is converted into nitrous acid vapor, which, being a heavy 
aeriform body, immediately &lls down upon the sulphurous 
flame, and imparting a portion of its oxygen to the sulphur- 
ous acid vapor, converts it into sulphuric acid, which is then 
absorbed by the water. The nitrous acid vapor, being thus 
reconverted into nitrous gas. again ascends to the roof of the 
chamber for another dose of oxygen, with which it descends 
as before, and thus the process continues. 100 parts of ni- 
tre, and 800 of sulphur, will produce 2000 parts of the 
acid. • 

From Dr. Ures' paper on this subject, we learn that the 
common acid of the shops contains. from 3 to 4 per cent, of 
foreign matter, consisting chiefly of sulphate of potash, and 
sulphate of lead, and that it often contains much mftre than 
these proportions, inconsequence of theintioduction of nitre, 
to remove the brown color, accidentally given the acid by bits 
jf wood, or straw. 

The purest sulphuric acid obtained by the usual process. 
has a specific gravity of about 1845, water being 1000. If 
it is much heavier than this, adulteration by means of some 
ponderous substance may be suspected, and if much lighter, 
its strength will probably be found deficient in consequence 
of dilution with water, 'in consequence of the strong attrac- 
tion of this acid for water, with which it unites in all propor-" 
lions, it absorbs moisture from the air with avidity, and tnus 
when vessels containing it are left open, they.gain in weight, 
instead of losing by evaporation. If carboys of this acid are 
permitted to stand in a damp place, as in a cellar, with the 
stoppers left out, there will probably be a gain in weight, 
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which will amounl to much more than the interest of tho 
money the acid cost. It therefore becomes honest dealers, 
as well as careful buyers, to see that this acid is well secured 
from contact with the air. 

This acid is one of the most caustic and corrosive of all 
Btibstancea. When mixed in the proportion of four parts of 
acid with one of water^ the temperature of the mixture rises 
to 300°. Its extreme activity as a caustic seems to /depead 
on itSi avidity for moisture, and the heat occnsioned by (he 
union.; On the entire skin, when this is dry, it produces no 
immediate effect, but if there is the smallest erosion or 
scratch, it operates on that part instantly, and with the most 
intense and painful energy. The flesh appears to be first 
. burned, and then dissolved by its action. 

In case of any accident, where the concentrated acid is 
thrown upon the clothes or skin, as it is generally known that 
Ais acid bums, the spectators run for water, which is thrown 
on, with the intention of diluting the acid, and thus to prevent 
its farther action. This, though meant in kindness to the 
sufferer, might be the means of his destruction ; for the dei 
gree of heal, thus raised, would be sufficient lo destroy his 
skin, without the fiirlber action of the acid. In such cases, 
there is much less danger in waiting until some potash, chalk, 
or even aabes, can be procured, and thrown on the part 
Meantime, the suflerei should be stripped of the clothing on . 
which the acid has fallen, and the acid absorbed from the skin 
with a moistened sponge, or cloth, or even a handful of dry 
clay, thrown upon the part. 

Strong sulphuric acid boils at 620°, and freezes at 15° be- 
low zero. 

The dry acid is composed of 

1 equivalent of sulphur 16 
3 do of oxygen 24 

40 

The common or hydro-sulphuric acid contaius, in addition 
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'tO'tlw »bowe,.one pioponion of wtUer, m&kmg its etjuivalenl 
ttumWc 49. 

FHOBFHORUe 12. 

Phosphorus ia a yelJoivish, inflanimable solid, which in 
the open air emits white fumes, and at common tempemtures 
is luminous in the dark. 

This substance has never been found in a simple slate, but 
is jMmbined with animal substances, in considerable quanti- 
ties, and is occasionally found in minerals. 

It is obtained from bones by the following process. In 
the first place, the bones are calcined, or burned in an open 
fire, and then pulverized, and digested for two or three days, 
with half their weight of sulphuric acid, to which water is 
occasionally added. This solution is then mixed with twice 
its bulk of hot water, and the liquid separated by straining 
through a cloth. By this process; the bones, which are com- 
posed of phosphoric acid and lime, are decomposed, and two 
new salts, viz., the sulphate of lime, and the biphospkaie of 
lime, are formed. The sulphate of lime is insoluble in water, 
and therefore the filtrated solution contains only the biphos- 
phate, which is soluble. Thus, the bones, which are a phos- 
phate of lime, mixed with animal matter, are first deprived 
of this matter by burning, and then converted, in part, into 
the biphosphate by the sulphuric acid. We have, then, in 
this stage of the process, a solution of the biphosphate, or 
€tcidvious phosphate of lime in water. This solution Ib then 
evaporated to the thickness of syrup, mixed with one fourth 
of its weight of charcoal in powder, and distilled with a strong 
heal, in an earthen retort. The charcoal combines with the 
oxygen of the biphosphate, «'hich being thus decomposed, 
the phosphorus distils over, and is obtained in a vessel of 
water, into which the mouih of the retort is placed. 

Phosphorus, (bus obtained, is of a yellowish, or flesh color, 
but may be made colorless and transparent by re-dist illation. 

This substance is exceedingly inflammable, so that at 
common temperatures, it is necessary to preserve it under 
water, in weli stopped bottles. It may be set on fire by 
slight friction, or even by the heat of the hand. It is in- 
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soiuble in water, but is soluble in rther or oils, lo which it 
communicates the property of shining in the dark. 

fTHit a piece of phosphorus into a vial half filled with olive 
oil, then keeping the thumb on the mouth of the vial, warm 
the bottom, shaking it now and then, until the phosphorus is 
melted. ' This forms liqidd pkosphorun, and a vial thus pre- 
pared, may be occasionally useful ; to show the hour of the 
night by a watch. All that is necwsary for this purpose is 
toliold the vial in the hand for a few minutes, until it becomes 
warm, then take out the cork, and the union of the oxygen 
of the air with the phosphorus, will evolve sufficient light to 
see the hour. 

That (he light is owing Co the combination of oxygen with 
the phosphorus, or to its slow combustion, in the above in- 
stance, is Jiroved by the fict, that phosphorus may be melted, 
and sublimed in pure nitrogen, without the least appearance 
of light, : lis combustion in oxygen gas is exceedingly vivid, 
and aiforda a striking and splendid experiment for a public 
lecture room. 

When taken into the stomach, phosphorus ^proves a viru- 
lent and deadly poison, though in minute doses, it has beeq 
used as a medicine, when dissolved in ether. 

PHOSPHORUS AND OXYGEN. 

Phosphoric Acid — 28. 
1 p. Phosphorus 12+2 p. Oxygen la 

Phosphorus, as above stated, unites with oxygen with great 
lapidily, and affords an instance of intense chemical action, 
attended with the most brilliant phenomena. , During this 
Tomb u St ioHr copious white vapors are produced, which fiill to 
the bottom of the vessel in which the experiment is made, 
like flakes of snow. This white vapour is the dry, or anhy* 
drous phosphoric acid. If exposed lo the air, it soon attracts 
moisture in sufficient Quantity to dissolve it, and thus b 
liquid phosphoric acia. 
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This acid may also be formed bv the action of nitric acid 
on phoaphorus. Tlie union is made by dropping pieces of 
l^iosphorus into the strong acid. J'he phosphorus absorbs 
one proportion of oxygen from the acid, thus converting this 
acid into the deutoxide of nitrogen, or nitrous gas, which es- 
capes in immense volumes during the process. The phos- 
phorus is tJius converted into phosphoric acid, which is ob- 
tained in the solid form by evaporating the solution to dry- 
ness.) 

Phosphoric acid unites with water in all proportions, and 
produces a small degree of heat during the soliuioa. Its taste 
la intensely sour, but it is not corrosive. When healed in 
contact with charcoal, the latter absorbs its oxygen, and the 
phosphoric acid is converted into phosphorus. 

This acid combines with various bases, and forms a clasn 
of compounds called pkosphales. Its composition is 

1 proportion of phosphorus 1 2 

2 do. of oxygen 10 

Consequently its equivalent is 28 . 

Phosphorous AciA~2Q. 
1 p. Phosphorusl2+1 p. Oxygen 8. 

This acid is obtained by exposing pieces of phosphorus to 
the open air, in consequence of which it spontaneously ab- 
sorbs oxygen, and undergoes a slow combustion. 

If two or three sticks of phosphorus be thus exposed in a 
glass funnel, set into the mouth of an empty bottle, the acid 
will be formed, and by attracting moisture from the air, will 
be dissolved, and pass down into the bottle, where at first may- 
be found a quantity of liquid phosphorous acid. This acid 
combine with different bases, and forms salts which are 
called phosphites.' Phosphorous acid, when exposed for some 
time to the air, absorbs another proportion of oxygen, and it, 
then converted into phosphoric acid. Indeed the acid form- 
ed by this method, is probably always mixed with the phos- 
phoric acid. 

There are several other cotapounds of phosphorus and 
oxygen, but these are the most impoitanL The phosphates 
will be described in their proper place. 



Wben phoiphiiiiu ii ihnn>n islo niufc acid, nhu an the chemical cJiuigu which 
soaw % Id nhu nuniwi da« ehucoaJ conven phnphoilc scid Idh> phoephDnif 1 Whal 
Ii (ha cOEnponiioo Bad whu (h« coinbiuln? number of ihie acid 7 IToir ia phoBphoimn 
MMiAulnsdl MVnatueihaaaUacaUed wlilctiihlaacidliKnuHiihihaditfiiRaubHfMl 



.,g,t,ioflb,GoOglc 



There U a solid substance, resembling alum in appearance, 
which is used in medicine and the arts, under the name of 
boTOX. From boraj: there is extracted an acid, called the 
boraeie acid. When boracic acid is heated in contact with 
the metal called jw^osnunt, the metal, having a strong affinity 
for oxyffen, deprives the acid of that principle, and thus its 
base, called boron, is set free.) This, so far as is known, ia 
an elements Boron ia insoluble in water, alcohol, or oil It 
may be exposed to the strongest heat in a close vessel, with- 
out change, but when healed to about 600° in the open air, 
it takes fire, burns vividly, and by the absorption of oxygen, 
is again conv'erled into boracic acid. 

Boracic Acid. — This is the only knowni^com pound of boron 
and oxygen.'. It is a natural product, occasionally found in 
springs, and'^also in several salts, of which borax, or the bo- 
rate of soda is the principal. 

The acid may be obtained from the borate of soda, by dis- 
solving that substance in hot water, and then adding sulphuric 
acid until the solution becomes sour. Sulphuric acid com- 
bines with the soda, forming ('sulphate of soda, or Glauber's 
salt,' while the boracic acid thus set free, is formed when the 
water cools, in small crystals. It is not readily soluble in 
water, but alcohol dissolves it freely, which being set on fire, 
burns with a beautiful green flame. This green flame is a 
good test of the presence of boracic acid in any composition. 

This acid is composed, of 

Boron I proportion 8 
Oxygen 2 do. 16 

The combining p. of this acid is therefore ^ 24 



Oxymuriatie Acid. 

This highly important and useful gas is obtained by the 
action of muriatic acid on black, or peroxide of manganese. 
(The most convenient mode of preparing it is by mixing strong 
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muriatic acid, contained in a retort, with half its weight of 
the black oxide of manganese in tine powder, and then ap- 
plying a gentle heal, j The gas may be received in glass bot- 
tles filled with water, and inverted in the ptieumatic cistern, 
hi the usual way. The water should be warmed, to prevent 
absorption. 

A cheaper mode of obtaining this gas, is to mix three parts 
rf sea-salt, powdered with one of the manganese, in a tubu- 
lated retort, {Fig. 33,) and then lo pour in two parts of sul- 
Churic acid, diluted with an equal quantity of water) By the 
est of a lamp, the gas will be extricated in abundance. 
jThis gas is of a yellowish green color, the name, chlorine, 
in Greek, signifying green. Il has an astringent taste, and 
is so exceedingly suffocating, that a bubble or two let loose 
in a room, will excite coughing and a sense of strangutatioA 
Cold \vater, recently boil(5. wUl absorb twice its volume of 
chlorine, which it gives out again on being heated. 

The specific gravity of this gas ia 2.5, -so that it is more 
than twice as heavy as atmospheric air. 100 cubic inches 
weigh 76,25 grains, while the same quantity of common air 
weighs only 30.5 grains. 

Chlorine was formerly called (oxymv-riatU acid^ from the 
opinion that it was composed of muriatic aeid and oxygeD. 
But according to th* logic of chemistry, it is now universally 
considered a simple body, having never been decomposed, 
though repeatedly submitted to the most active decomposing 
agents known to chemists. ' Sir H. Davy submitted it to the 
most powerful effects of galvanism, and to charcoal heated to 
whiteness, without decomposition, and without separating the 
least trace of oxygen from il. v Hence, according lo the pre- 
sent state of knowledge, it is an elementary body. 

Chlorine is a supporter of combustion. When a lighted 
taper is plunged into this gas, it burns with a small red flame, 
onitting a large quantity of smoke. Phosphorus takes fira 
in it spontaneously, and so do several of the metala 

Fill a deep bottle, or large tube, with this gas, and set it 
upright, with the mouth covered by a plate of ^lasa. Have 
some antimony prepared, by being pounded m a mortar ; 
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then slide off the cover and pouT in the metal. It will lake 
lire before it reaches the bottom, and afford a beautiful show- 
er of white flame.: This alfords an elegant and striking ex- 
periment. The jnetals, lin, zinc, copper, arsenic, and even 
gold, when in (he state of powdei,' or thin leaves, will be in- 
flamed in the same manner. 

Chlorinel has a very strong attraction for hydrogenj but it 
is through the mysterious influence of light that the combi- 
nation between the Iwo substances seems spontaneously to be 
efTected. 

Thus, when a mixture of these two gases is kept in the 
dark, no combination ensues, but if exposed to the direct 
light of the sun, they combine suddenly, and with a violent 
detonation. 

This gas, though formerly called an acid, does not appear 
to possess any acid properties. It is not sour to the tasie, 
nor does it redden vegetable blue colors, properties nearly 
universal in the acids. 

But the most important property of chlorinej is its bleach- 
■ng powerj all vegetable and animal colors being discharged 
by its action. For this purpose, it is combined with quick- 
lime, forming chloride of lime, or bleaching powder, an arti- 
cle very extensively employed at the present time, and which 
will be described, and its properties examined, in its. proper 
place. 

Another very important property of chlorine is its disin- 
fectiiig power, any infectious or disaOTeeable odor being al- 
most instantly destroyed by it. For this purpose, the chloride 
of lime is also chiefly employed. The compounds of chlo- 
rine which are not acid, aie caWedfkloTides. oi chtoiurets. 
When chlorine, united to oxygen, combines with a base, and 
forms a salt, it b called a chlorate. These were formerly 
c^led hyperoxymuriates. They possess no bleaching proper- 
lies. 
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CHLORINE AND HTDROOIIf. 

Muriatic Acid — 37. 
1 p. Chlorine 36+1 p. Hydrogen 1. 

We have just seen that chlorine has a strong afRnity for 
hydrogen, bul [hat no union takes place between them, with- 
out the influence of light. When the light is entirely exclu- 
ded, a mixture of these 'fases remains without changa 
When the mixture ia made in a glass vessel, and exposed to 
the light of day in the shade, the gases, if of equal volumes, 
slowly combine, and form muriatic acid ga& But when the 
mixture is exposed to the direct rays of the sun,^the union is 
sudden, and attended by an explosion.'. 

This combination 'does not change the volume of the origi- 
nal mixture, but the properties of the two gases are greafly 
changed. If the vessel in which the experiment has been 
made is unstopped under water, the fluid will in a few mo- 
menta eidirely absorb its contents, and fill the vessel in its 
place, while the two gases, before combination, were absorbed 
Dy water only in small proportions. The peculiar odor of 
chlorine, and its prompt bleaching property, are also destroy- 
ed, and other change of properties will become apparent oti 
further examination. 

The compound formed by the union of chlorine and hy- 
drogen is called fnurialie acid gas. This gas is composed 
by weight of 

1 equivalent of chlorine 36 
1 do. of hydrogen 1 

Combining weight of muriatic acid gas 37 
The production of muriatic acid by the combination of its 
(dements, is designed to prove its constitution, and combining 
proportions. This acid is, however, much more readily pre- 
pared, by the action of sulphuric acid on common salt. 

If the salt be pulverized and mixed with an equal weight of 
the acid, and then the heat of a lamp applied, muriatic acid 
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gas will be diaengag^ed. But it must not be received over 
water, which will a^orb several hundred limes its own bulk 
of this gas. 

Muriatic acid gas is a transparent, elastic fluid, of a very 
pungent smell, and intensely acid taste. (^Ils attraction for 
water is so great, that when it escapes in the open air, evea 
in the dryeal season,' it instantly forms a white cloud, in con- 
sequence of combining with the moisture of the atmosphere.) 

Water, at the temperature of 40°, absorbs .;^80 times) ita 
bulk of this gas, ana the solution is known under the name 
ofnnuriatie acid, or spirit of sea sall^ani is largely employ- 
ed for chemical and manufacturing purposes. 

This acid is prepared, in the large way,, by extricating 
ihe gas from sea salt, by sulphuric acid, as above describe^ 
and then passing a current of it into water, as long as any is 
absorbed.J It forms, with the different bases, a class of salts. 

When this gas, in a pure state, is submitted to the pressure 
of 40 atmospheres, that is, 600 pounds to the square inch, it 
is condensed into a liquid. 



There are four compounds of chlorine and oxygen, formed 
by the union of as many different proportions of the oxygen 
to the same proportions of chlorine. These compounds are 
known only to chemists, and with the exception, perhaps, of 
chloric acid, possess no value in the art. They are all form- 
ed by the action of an acid on the chlorate of potash, or the 
chlorate of barytas. The chief interest which these sub- 
stances possess, in a chemical relation, is their strict con- 
formity to the laws of definite and multiple proportions. 
Their names and constituents are as follow : 

Protoxide of chlorine, 36 chlorine + 8 oxygen. 
Peroxide of chlorine, 36 " -j-32 " 
Chloric acid, 36 " +40 " 

Perchloric acid, 36 " -j-56 " 
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T" ja, the first ia composed of 1 proporlion of chloriira 
OOnuoBed to 1 of oxy^n. The second, 1 of chlorine and 4 
of oxygen. The third, I of chlorine and 5 of oxygei^ 
The iburth, 1 of chlorine and 7 of oxygen. 

The equivalent niunbera, therefore, for the first, is 36-(-a-" ■ 
i4; the second, 36+3ii-68 ; for the third, 36+40— 76; and 
for the fourth, 36+56—92. 

CHLORINE AMD NITROOXN. 

Chloride of Nilrogen—\5^. 
4 p. Chlorine 144+1 p. Nitrogen 14. 

This curious compound was discovered by Dulong, s 
French chemist, in 1811. Chlorine and nitrogen have but 
a very slight affinity for each other, but they maybe made to 
combine, by passing a current of the first through a solution 
of nitrate of ammonia. {Nitric acid, it maybe remembered, 
consists of the two elements, oxygen and nitrogen, and am- 
monia is composed ofhydrogen and nitrogen.. By the union 
of these two compounds, nitrate of ammonia is formed.) To 
prepare chloride of nilrogen,^di5solve an ounce or iwo of the 
nitrate of ammonia, in l4or ISouncesof hot water, and when 
the solution has cooled to about 90 degrees, invert in lhe_.aolu- 
tion a glass jar, with a wide mouth, filled with chlorin^ ^ The 
solution gradually absorbs ihe chlorine, and consequently, 
rises in the jar, at the same time acquiring a yellow color.. 
In about half an hour, minute globules, of a yellow fluid, like 
oil. are seen floating on. its surface. These, by uniting, ac- 
quire the size of small peas, when they sink to the bottom of 
the vessel. These globules are the chloride of nitrogen. 
They are formed by ihe decomposition of the ammonia, in 
the solution ; the chlorine combming with its nitrogen, and 
thus forming the compound in question. A cop of lead, or 
glass, should be placed at the bottom of the solution, and 
under the mouth of the jar, to receive the product. 

The chloride of nitrogen is the most violently explosive 
substance yet discovered, and should not be experimented 
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apDn by tbt atndent, in qnanlitiea krger thu t mutfud-Mcd 
at B time, snd even in thjs quantity, with gnmL cwUkm. BtA 
Us dJKOverer and Sir H. I^vy, notwittuKitndiii; theic ezp» 
rience and caution Bfichemical experimenters, were seidayajy 
injured by its violence. At the temperature of about 200.de- 
grees, ilexplodes, and al common temperatutea, when thiowo 
OR Bome combustible. When a small globule is thrown into 
olive oil, or spirit of turpentine, it explodes with Buch ido- 
lence as to SMtter any vessel of glass in piecea. 

The violence of its detonation is owmg to the great vo 
lume of the pioductswbiefa'are formed at the instant. The 
cMopouod consists wfiolly of the two eases, chlorine and ni- 
trogen, condensed, and combined with each other. When, 
therefore, the explosion takes place, these two elements as- 
anme their gaseous forms, thus, in an inatant, occupying a 
fast space; when compared to their former state. 

Chloride of nitrogen consists of 

1 equivalent of nitro^ien 14 
4 do. of chlorine 144 

Making its number, 168 

lODINX — 124. 

The next simple substance we shall examine, is iodine: Us 
name signifies, m Greek, "violet colored," because, when in 
the state of vapor, it is of a roost beautiful violet color. 

Iodine was discovered at Paris by a manufacturer of nitre^ 
in 1812. ..This substance is obtained from the ley made of 
the ashes of marine vegetables, or from the snbstance called 
kelp or bArilla, which is an impure alkali, made dining the 
manufecture of soda. The process is as follows: 

Dissolve the soluble part of kelp, or the ashes of sea-weedl 
in water j concentrate the solution by evaporation, when cty^ 
tals of carbonate of soda will appear, which must be sepa- 
rated. Then pour the remaining liquor into a clean vessd, 
and mix with it an excess of sulpiuric acid. Boil this liquid 
for some time, and then strain it through a doth. Put thia 
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liquid into s small flask, and mix with it aa mnch llacli <»■ 
ide of mangftDese bjr ireigrht, as ikeK was sulphuric acid j 
then attach to the mouth of ihe Sask a glass tube, closed at 
the upper end, and apply the heat of a lamp to the fiosk. 
The iodine will be sublimed, and will attach itself to the tube 
in small brilliant scales resembling black lead. 

Iodine thus obtained is a friable lolid, with a brillianl m» 
tallic lustre, and blnish ^ray color, ilts taste is hot and aciid, 
and it is sparingly soluble in walec. It corrodes the cork of 
die rial in which it is kept, and escapes-— is 4 strong poiktn 
when taken in larc^e doses : but in solution with Blcohol, 
which dissolves it freeIy,|haB been cons iderj^y used as a 
medicine. 

When heated in a retort to about 250 degrees,^t evaporatest 
and fills the vessel whh an exceedingly rich violet colored 
gas. As the retort cools, it a gain, condenses id fine brilliant 
points resembling iiroat on the glass. If exposed to the open 
air it .slowly evaporates, and if handled, it leaves a browa 
Aatn on the fingers. 

Iodine resen^les chlorine in smell, and in some of its pro- 
perties, particularly in destroying vegetable ctdoTs, Lik« 
oxygen and chlorine, it is a non-conductor of electricity, and 
13 a. negative eleotric So for as is knows it is a,''simple bodvj 
It has a strong attraction for the pure metals, and (he simple 
non-metallic substances, such as sulphur and phosphorus 
These compounds are called iodides. 

From experiments made by Dr. Thompson, the alomie 
weight of iodine is 124. 

The best test for iodine in its free state is starch, with which 
it forms an insoluble compound in water, of a deep blue co- 
lor. ' This test is so delicate as to indicate the most minate 
portion of starch in solution. 

Iodine combines with hydrogen, oxygen, and chlorine^ 
forming hydriodie aeid, iodic acid, and chhriodie acid. Among' 
these, the hydriodic acid, only, is of any importance 01 use. 
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IODINE AND HYDKOOBN. 

H^driadic Acid— 125. 
1 p. Indme 124+1 p. Hydrogen I. 

{When iodine is heated in a porcelain tube with hydrogen 
gas,; the two subslances combine and form a compound in the 
fcrm of a gaa, which has acid properties, and which is rapidly 
absorbed by water. This is the nydriodic acid. 

tThis gas is without color, is very sour t» the taste, reddens 
the blue colors of vegeiabke, and has an odor similar to 
muriatic acid gas. 

It combitiea with alkalies, forming salts, called ksdriodattt. 

The discoTerv of iodine was one of the means of subvert- 
ing the former doctrine, that oxygen was the universal acidi- 
fying principle, the above instance showing that compounds, 
having' all the properties of acids, are formed by the combi- 
nation of hydrogen with iodine. Several other instances of 
similar nature have been discovered, as in the case of mo- 
riatic acid. These instances appear, however, to be only ex- 
ceptions to a universal principle, oxygen being still the ac- 
knowledged agent by which most acids are formed. 

Ilydriodale of Potash. This is given a place here, instead 
of among the salts, because it is the only salt of the kind to 
be described, and because, in manu&cturing this compound, 
the method of obtaining the hydriodic acid is different from 
that stated above. It is the only hydriodate of any use or 
uiportance, and does not exist as a salt in a separate states 
but only in solution. 

In preparing hydriodate of potash for medicinal use, the 
prelirninary labor of forming the acid may be dispensed 
vrith, and the sail in solution, may be formed by a very simple 
process, as follows : 

Add to a hot solution of pure caustic potash in water, OB 
much iodine as it is capable of dissolving. This will form a 
solution of a reddish biown color, consisting of the iodole 



Brw a»j iQdriodlc Kid <> fanned 1 Whu in In wflili pnpanlH 1 Wtal m U 
MHciDilwhkh.ihli*^ bmuwhhiUkiliHl Hm doca ihii kM deranwru* lit 
^VlanlaBMIhtuiilTiiniluidirfiiigpriDci^l An IhinuijHhtrliaunnalnwIill 
■B add )■ foniud wtihoDi oineD 1 WbutiHildn1uin(aihtHueapiio»K> 



oflb^GoOgle 



ITS SBMUIIB. 

and hjdriodale of potash, together with an excesB of frm 

iodine? 

Through this soltttion, a cun^it of tuJpiuTetted iydrogat 
gtu is transmitted, until the free iodine and iodic acid are 
converteil into hydriodic acid, change*'which may be kaown 
to be accomplished by the appearance of the liquid, which 
,will gradually lose its brown color, and become colorless and 
transparent^ The solution is then heated to expel t^e re- 
mainmg sulphuietted hydrogen, and after being filtered, is 
ipure hydriodate of potash, in aqueous solution. This solu- 
tion is considerably employed^as a medicine,) in scrofula, and 
other glandular diseases. 

BROMINE — 75. 

The name bromine is from the Greek, and signifies a 
"strong, or rank odor.,' 

Bromine, afler undergoing various and multiplied tortures, 
by means of the most powerfiil decomposing aeente, is ar- 
ranged as an ''elementary body,) having endured fire, galvn- 
nism, &c., without loss of inlegrily. 

It was discovered by Balard, of Montpelier, in 1826, and 
like iodine, exists in the ashes of marine vegetables, and also 
in oea water. 

The process of extricating it is too intricate to be detailed 
tnthis work, nor would it ever be undertaken by pupils in 
chemistry, for which this book ia designed. 

Biomme is a fluid of a hyacinth red color, when viewed 
by transmitted light; but of a blackish red, when seen in the 
ordinary manner, or by .reflected light.. Its odor reaemblea 
that of chlorine, but ismuch more disagreeable.J XJke iodine, 
it corrodes wood or cork, and stains the fingers of a yellow- 
ish hue. Its specific gravity is 3. It is a strong poison. 
It is volatile at common temperatures, and emits red vapors 
similar to those of nitrous acid. 

A lighted taper is soon extinguished by it, but before going 
out it burns with a flame which ia green at the base and rra 
at the top. 
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Bromine dooa not turn blu« vegetable colonn red, bat Uk« 
<Sitorine, destroys them. 

From these properties it will be observed, that this new 
substance has many characteni in common with iodine and 
chlorine. 

Bromine combines with oxygen, hydrogen, and chlorine, . 
but these compounds are little known, and of no interest ex- 
cept to professed chemists. 

Its Equivalent number, as seen at the bead of thJs section 



Ttuorie Aeid— 10. 

It is a singular circumstance in chemistry, that the base of 

the fluoric acid {lias never been \ detached from the acid 

itself, not withstanding every effort has been made on the 
part of the chemists to effect a separatioiv It will be re- 
membered, that all the other acids consist of a base united to 
an acidifying principle, and that the two elements have been 
examined in separate states. Thus, sulphuric acid consists 
of sulphur and oxygen ; carbonic acid, of carbon and oxy- 
gen, &c. 

The base of this acid, however, has been named ^iwriji*, 
but whether this is united to oxygen, as the acidifying g'*^" 
ciple, or whether such a base exists or not, is unknown. Flu- 
oric acid must, therefore, at present, be examined as a simple 
body, or in connection with substances to which it unites. 

QThis acid exists in nature in considerable quantities, being 
found combined with lime, forming the sah called Jluate oj 
/i>n<;|but more commonly known under the nameof DerbysHre 
spar. This latter substance is found crystallized, and of va- 
rious colors intermixed, forming, when polished, one of the 
most beautiful productions 'of the mineral kingdom. It is in 
common use, for vases, candlesticks, snuff-boxes, &c. ^ 

To obtain fluoric acid, a quantitj- of fluate of lime is pow- 
dered, and submitted to the action of twice its weight of strong 
sulphuric acid, in a retort of lead. On the application of a 
gentle heat to the retort, the acid distils over, and must be 
received in a leaden vessel. 
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59, made of sheet lead, >m 

VsoMered t(^«ther tm the edg««, 

and the jnnctnte betweea them 

stopped with a lute of clay, will 

wunrer tsity well. The white fluor must be selected for this 
parpeae, as. being most pure. It ia first put into the let^nt, 
Hie acid poured in, and then connected with the vceiver, 
atUoh must be surTounded Vitb a mixture of comi^n salt 
and snow, or powdered ice. 

Fluoric acid, at the temperalure of 32°, or the freezing 
point, is a colouilesa liquid, and' will retain its liquid state, 
if preserved in well stopped vessels, when the temperalure is 
60°. But if exposed to the air when the temperature is 
above 32", it flies ofi" in dense white fumes, which consist of 
the acid, and the moisture of the air with which it com- 
bines. * 

No substance with which we are acquainted has ao strong 
an affinity for water as fluoric acid. Its liquid stale aapears 
lo he owing to the water which is distilled over from the sul- 
phuric acid during the process of obtaining it, and no process 
yet devised has succeeded in freeing it entirely from mow- 
ture. When a single drop is let fall into vraler, a hisalng 
noise is produced, like that occasioned by the plunging of a 
red hot iron into the same fluid, such ia the heat produced 
by its combination with water. 

In experimenting with this fluid, the utmost caution is ne- 
cessary ; for no su&tance so instantly and efiectually dfsoi- . 
ganizes the flesh, and produces such deep and obstinate ulcers, 
as this. The least particle would inevitably destroy an eye, 
or create an obstinate ulcer on any other part. 

Plnoric acid has the aingfular property of corroding glass, 
and may be used for this purpose in the fluid state, as above 
described, or in the gaseous form, the latter of which is com- 
monly the most convenient. 

Any design may be etched on glass, by the following sim- 
ple method ; 

First, cover the g^lass with a coat of bees wax, or engravers' 
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IT wax it naed, it muat be spread OTer the nitfiwe 
ks poMible. 'ms » done by heating the gitam over 
ind at the same time lubfaing it wilh wax. A th^ 
jand ena coat may thus be obtained. 

Next draw the deaign by cutting the wax with a sharp 
pointed instrument, quite down to the glass, so that every line 
may leaTe its sui&ce naked ; otherwise the design will he 

. spoiled, since the acid will not act through the thinnest film 
of live wax. A large needle answers for a graver for this 

• purpose. 

Having made the design, the etching ia done by placing 
the glass in a horizontal position and pouring on the liquid 
acid. But a simpler method is the temporary extrication of 
the gas from the fluor spai, for the occasion. For this pur- 
pose, take a lead or tin cup, large enough to include the 
figures on the glass, the lower the Detter, and having placed 
on its bottom a table spoonful of powered *spai, pour on it a 
quantity of strong sulphuric acid sufficient to form a paste. 
Then place the glass on the cup, as a cover, with the etching 
downwards, and set the cup in a dish of hot water, or apply 
to it the gentle heat of a lamp, taking care not to melt the 
wax. In twenty or thirty minutes the etching will be finished, 
tHid the wax may be removed with a little spirit of turpen- 
tine. In this manner, figures of any kind may be perma- 
nently and beautifully done on glass. 



CARBON AND HSKKOOEN. 

CdrhurtUtd Hydrogen — 8 

1 p. Carbon 6+2 p. Hydrogen Sl 

lAght CarbuTetted Hydrogen, 

This gas has also been called hpdTO-carburel, and heavy 

infiammable air. 

It exists in every stagnant pool of water, especially during 
be warm season, being generated by the decomposition c4 
reg^ble products. 

To obtam it from such places, fill a glass jar with wateTi 
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•nd inTert it in a stagnaat pool or ditch; th^ stir die mad 
under it with a stick, and the gaa will rise and displace the 
water in the jar; To preserve it for examination, slide a dirii 
under the mouth of the jar while in the water, and then 
carefully raise, and carry the whole to the place of ejqwri- 

The gas so obtained ia found to contain a proportion o( 
^carbonic acid gas^ which may be removed by passing it 
throuffh lime water. • 

This gas is composed by weight of 

1 equivalent of carbon 6 

2 do. of hydrogen 2 



It ia immediately destructive to animal life, and will not 
support combustion,. It is highly inflammable, and bums 
wiln a yellowish' blue flame, but{owingto the carbon it con- 
tains,^it gives considerably more light than pure hydrogen. 
Mixed with atmospheric air, like hydrogen, it detonates 
powerfully when inflamed. When burned with oxygen, the 
product of the combustion is water and carbonic acid. 

There appears to be several varieties of light carbureted 
hydrogen, orperhaps the difierence may depend on a mixture 
of the light and heavy kinds. If a volume of steam be sent 
through a red hot gun barrel filled with charcoal, the gas 
obtained differs little in its illuminating powers from that ob- 
tained from stagnant pools. Nor is there any material dif- 
ference between these and that evolved by the burning of 
common wood, such as maple or beech, in a gun barreL But 
if pine wood containing turpentine, be heated in the same 
manner, the gas obtained has much greater illuminating pow- 
ers, the brilliancy of the flame being nearly equal to that of 
oil gas. Now as by analysis there appears to be only two 
kinds, or varieties, of carburetted li^rogen; in the first of 
which there is but one proportion, and in the second two 
proportions of carbon, it is most probable that these difieieol 
powers of illumination depend on a mixture of the two gases. 
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fbia gas Bometimea exists in large quantities in cpal mfnei^ 
and is known by the miners under Ihe ntaae of fire-damp.' 
The most shocking accidents hare often occurred in conse- 
quence of the explosion of this gas in the mines, when mixed 
with atmospheric air. In some mines, this gas flows from the 
coal beds in vast quantities, being obviously the product of 
the decomposition of water by the coal. But in what manner 
the water is decomposed, is une.xplained. Did the process 
consist in the formation of sulphuric acid, in consequence of 
the oxygenation of the sulphur, and the subsequent action of 
this acid on ihe iron, of the sulphuret of iron, there would be 
formed sidphwretied, instead of carburetted hydrogen. 

There are no facts, it is believed, which warrant the suppo- 
sition, (hat in ordinary cases, the decomposition is consequent 
upon the heat, or ignition of the coal. Possibly in such vast 
bpdies of coal as are found to exist in some mines, the water 
is slowly decomposed, by gradually imparting its oxygen to 
the carbon, without the aid of heat. 

We have already stated, that when carburetted hydrogen is 
mixed with atmospheric air, and inflamed, a violent explosion 
is the consequence. In (he coal mines of England, the mix- 
ture of atmospheric air and the gas in question, olten produ- 
ces such an exp.osive compound. It appears that the miners 
have no certain means of ascertaining the presence of this 
gas, probably because, being much lighter tnan the atmos- 
pheric air, it at hrst rises to the roof of the mine, and then 
gradually descends towards the floor. As the miners work 
entirely by the light of lamps, one of which is sufficient to 
set fire to the explosive compound existing throughout the 
whole cavern, it js obvious, that as soon as the hydrogen has 
mixed with the air near the floor of the mine in the explod- 
ing proportions, it must inevitably take fire. It can readily 
be imagined, particularly by those who have witnessed the 
detonation of a pint or ttvo of this compound, that a quantity 
covering many acres of sur&ce, and extending upwards in 
some places, at least, several hundred feet, must produce the 
most awful consequences^ 
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Such explosions have often taken place in the coal-minel 
in different parts of England. That which happened in a 
mine called Felling colliery, in Northumberland, on the 25lii 
of May, 1812, was attended with the loss of 92 lives, and 
spread poveriy and wretchedness throughout the whole dis> 
trict. Most of these men had wives and children, who d»- 
pended entirely on their daily labor for support, and who, 
in addition to the loss of their husbands and fathers, by so 
sudden and awful a death, were in a moment deprived of ihr 
means of subsistence. 

This mine had been wrought a century or more, and only 
a single accident from fire-damp had before happened, ana 
this was 30 trifling, as only to slightly hum two on three 
workmen. Twenty-five acres of coal had been excavated in 
this mine, and the number of men employed under ground, 
at the tinke of the accident, was 128. The explosion took 
place between the hours of 1 1 and 12 in the morning. The 
fire was seen to issue from two shafts leading to the mine, 
and called William and John, and at the same instant, the 
noise of the explosion, which was heard three or four miles, 
an4.the trembling of the earth, showed that an awfiil acei* 
dent had happened there. 

The force of (he expanded gas was such as to throw from 
the two shafts immense clouds of dusl, and small coal, which 
rose high in the air, and also pieces of wood and working 
implements, which fell back near the shafts. As soon as the 
explosion was heard, the wives and children of the colliera 
came by hundreds to the place. But not a single person' 
who was in the mine during the accident, was to be seen. 
Terror and dismay was pictured on every <nm ntenance ; soma 
were crying out for a father, some for a son, and others for 
a husband. 

The machinery for entering the mine, being shattered bjr 
the blast, it was at first impossible to go down, but the urgency 
of the occasion soon impelled those present to find the means 
of entering the shafi ; and in about I»lf an hour from the 
time of the explosion, 32 persons, all who remained alive out 
of 121, who were in the mine, were brought out. It appear* 
ed that of the whole number of the workmen, seven had 
come up, on different occasions, before ihe explosion, ami 
were unhurt The wives and children of those who wer* 
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tmown to be Btilt in the mine, waited in a most heart-iending 
Mate of anxiety, and those who had their Irienda tettore^ 
aeemed to suffer nearly as much from excess of joy, as they 
had before done from suspense and grief! Thete hurrtra 
away with their friends from the dismal scene, while thoM 
who were still in suspense, or whose hopes ended in the 
dreadful certainty that their husbands or fathers were indeed 
among the dead, still lingered about the place, silently endi^ 
ting the torture of a forlorn hope, and uttering cries of agony 
lind despair. 

As the fete of miany of the men was still uncertain, because 
they were in different parts of the minenfiom those who had 
been fotmd alive, the exertions of those above were unremit- 
ted, and in the course of an hour or two, many hundred peo- 
ple had collected around the shafts, all anxious to do every 
thing in their power for the sufferers. But it was soon found 
that the pic in some places was still on fiie, the gas probably 
continuing to bum as it was extricated from the coal. It was 
also found by those who attempted to descend, that where 
the mine was not on fire, it was filled with carbonic acid gas, 
the product of combustion, and that therefore it was Impq^ 
bio for any person to make further examination without in- 
eritahle d^tn. Consequently all hope of finding any of the 
tuifortimate persons alive, who were still in the mine, was 
abondcmed, and it was proposed that the shaAs should be 
closed, in order to extinguisn the fire. But the wives and 
children of the sufferers, distracted at the idea of seeing their 
friends buried alive, and still entertaining hopes of their re- 
covery, made the most pitiful importunities against such B 
course, while oth«s became frantic with rage, and accused 
tltose of murder who proposed it. The owners of the mine, 
therefore, in mercy to the feelings of these distracted widows 
Mid orphans, waited until all were satisfied that no hopes re- 
mained of ever again seeing their friends alive, when tiie two 
tbaflM were clos^ with eatth. 

To insure the extinguishment of the fire, the mine was kepi 
closed from the 27lh of May until the 8ih of July, on which 
day it was again opened and ventilated. On this occasion, 
the lamentations of^the widows and orphans was again Te> 
uewed, and such was the crowd of people that assembled on 
the spot, some urged by feeling, and others by curiosity, that 
constables were in attendance to preserve order. Those who 
dncmded to search for the remains of these unfortunate mt 
ftnit, found no difficulty in breathing the aii of the min« 
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bnt weie aUuck with horror at the Kene m^ deatmotioa Mtd 
nutilotion whii^ the eiplosioD hoid occasioned. 

The search continued aotil the 19th of September, when 
91 bodies bad been found, brouglu ap, and interred, but ih« 
92d never waa found. 

We have been ibua particular in describing a nngle in- 
stance of the awful eSecta of the fire damp in mines, that the 
reader might fully appreciate the tafely-lamp, an inventifln 
made by Sir Humphrey Davy, «xnreMly &ii the purpose of 
preventing such explosions, and which liaa proved completdy 
succesefuL 

Before the inveation of this lamp, such ezplositHM were 
more or less common, and ali the mines were subject to them, 
Uiough none has been attended with such destruction to hu- 
man life, as that of Felling colliery, > In 1815, such an oc- 
cuii^nce happened in a mine at Ehirham, and destroyed 57 
persons, and m another mine, 22 persons were killed in the 
saine manner./ 

The invention of the safety-lamp was not owing to accidt^t, 
but is the result of inquiries undertaken and pursued expressly 
for.the purpose of protecting the miners irom such honil^c 
accidents as we have described abovelj 

Sir Humphrey Davy commenced bis inquiries, by detar- 
mining the proportions in which carburetted bydroeen and 
atmospheric «ir, in mixture, produce eiploeions ; ana found, 
that when the gas is mixed with three or four times its vol. 
umc of air, it does not explode at all. When mixed with five 
or six times its bulk of air, it detonates, feeblyj but when the 
air is in the proportion of seven or eight times the bulk of the 
gas, the explosion is most powerful ; and with fourteen times 
lis volume of air, it still explodes, though slightly. He also 
found that the strongest explosive mixture would not take fire 
when in contact with iron heated to redness, or even to white- 
ness ; while the smallest point of flame, owing to its higher 
temperature, caused an instant explosion. 
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B* tbe mo* iiBportaiit Mep io iUb K . 
fcMaftke bet that flune unaet bs camouDtcated throi^ « 
MRow tabe.^ The liKt knlf ww knowN befbrei but Sir B. 
Dktj dMcovered, that the power of tubes, in thn reapect, ii 
not necessarily connected with their lengths, and thM a sboit 
one ia as efficacioos in pierenting; the IransmissioB of flemc^ 
aaa long one, provided its apertiire be reduced in proportion 
to its length. Pursuing this princiide, he fbtma t^fiaa' 
whc eanze, which may be conaiderea as an asaemblan o 
axeeedingly short tubes, was totally iinpenneable to ftune: 
and on making the experiment, it was found that a lightM 
fatmp, when completely surrounded with such fauzc, mi^^t 
be introduced into an explosiTe mizlute, without Betting il 
m fire.''' 

Thus the means of preserving the mineis, a most naefiil 
and'laborioua class of people, from the dreadiul eflects of the 
fire-damp^ was at onc« developed. It only became necessary 
/ 10 >MTround their tamps with a fine net work of biasi wure, to 
iasuretheir safety from explosion. This lamp also indicataa 
the existence of danger ; for when the fire-damp in ihe tnina 
ia in a highly explosive state, it takes fire within the gauze, 
and bnnis there, wbik the li^ht of the kmp itself is unseen. 
Wh^i the miners observe this imlication of danger, they in- 
stantly leave the mine, for although the flame within the 
£uze will not communicate with Uie explosive mixture on 
9 outside, while the gauze is entire, yet aa a high degree of 
Fig. GO. heat would be kept up by the corobuatioa 

t within the lamp, the wire would soon b^ 

^Jtm_ <^ine oxidated, and perhaps &11 in pieeea, 
BbMI when an instant explonon would be the 
^^^ consequence. 

The safety lamp is represented Iqr Pig. 
60. The cistern a holds the oil, and is m 
all respects a complete lamp, with a spotK 
at the side, for feeding it On fte top of 
(his is set the cylinder of wire gau«v *■ Bm- 
ported by three iron or brass rods, to iriiich 
IS connected the disc, or cover c, and to 
the cover, the ring, or huidle by which 
the whole is carried. The drawing i, is « 
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pece of win pMnng thzough k tube, Bhowiag Uie nuitwt Si 
which the lamp ia triinmeid, nnd the wick raised, witbovt 
nakiag any dajigeroiu cwiunuBicatien between the outside 
and inaide of the tamp. This tube paaaea through the cis- 
tern CMitaining' the oil. 

The reason why the wire gauze obstructs the communi- 
cation of /Isiue is easily explained^ We have atr^uiy statedi 
that according to the expeiimmts of Sir H. Davy^the heat tit 
HataB is greater than that of a metal healed to whiteness. En 
the former occasioned a mixture of air and gas instantly to 
explode, while the iron, though white hot, produced no eSect 
Now the metals are all rapid conductors of beat | when, theie- 
fore, the flame comes in contact with the wire, its tempera- 
ture is so reduced by the conducting power of the metal, as 
to be incapable of setting tire to the gas which is on the Aut 
side. Any one may illustrate this, principle, < bv holding a 
piece of wire gauze over the flame of a lamp, aiii{ then bring- 
ing his hand over this, as near the lamp as he can bear. Now 
on removing the gauze, be will find that he cannot for an in 
slant bear the additional beat. 

Bicarburetted Hydrogen — 14. 
2 p. Carbon 12+2 p.'Hydrogen 2. 
Olefiant Gas. 
To prepare this gas, mix in a. capacious tubu.aled retort, 
three measures of alcohol, with eight measures of undiluted 
sulphuric acid, and then apply the heat of a lamp. .This 
mixture turns black, swells, and emits bubbles of gas in abun- 
dance, which may be collected over water, in the same man- 
ner as described for hydrogen. 

Alcohol is composed of carbon, hydrogen, and oxygen. 
^ Duringthisprocess.the oxygen of the sulphuric acid appears 
to combine with a part of the carbon of the alcohol, in con- 
sequence of which, sulphurous acid gas is evotred, aod the 
hydrogen is setfree. At the same time, the hydrogen com- 
bmes with another portion of the carbon, and escapes in the 
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leffi of bicarburetled hydrogen^ Or perhaps the erolutioii 
lofihe olefiant gas is owing to the strong attraction iriiidiUu 
'BohAuric acid has for the water which the alcohol contains, 
end by combiniDg with which, the hydrogen and carlxm wra 
liberated 

Olefiant gas is''co1orless and elastic. It possesses no tast«, 
and when pure, little smell, though, when not purified, it has 
"a &int odor of ether.' When mixed with oxygen and in- 
flamed, it explodes with violence. 
/ This gas is a little lighter than atmospheric air, 100 cubic 
inches weighing 29.64 grains. The weight of carbon in this 
composition is ^.41 grains, and the weight of hydrogen 
4.23 grains. 

Oletiant gaa, therefore, consists of 

Carbon, by weight 24,31, or two atoms, 12 
Hydrogen, do 4,23, or two atoms, 2 

29.64 14 

This gas may be decomposed, by passing it through a red 
hot porcelain lube, one proportion of carbon being deposited, 
in consequence of which, it is converted into light carbuietted 
hydrogen, which, as we have already seen, contains only 1 
proportion of carbon to 2 of hydrogen. 

Gas Lights. 

The olefiant gas, when pure, (with perhaps a single ex- 
ception)'gives the most brilliant and inlenaely luminous flame 
of any kiiown substance. The illuminating powers of other 
gases depend chiefly, if not entirely, on the olefiant gas they 
contain. In all cases, the light of any inflammable gas is in 
exact proportion to the quantity of carbon it contains. 

The flame of pure hydrogen scarcely gives sufficient light 
!o show the hour on a watch dial. When combined with one 
proportion of carbon, forming carburelled hydrogen, its light 
it greatly increased, and when combined with another pro- 
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lIllBWilMtMP. 

Qu U^t, far the pnipose of illaminMton, w«s fiiit vaAe 
■md enpu>yed by Dr. Cbiyton, an Eng^liahnian/ii) 1739, Ibot 
from some unknown cause, was giren up, and neg1ecte<r lor 
m*ty ycKn afterwards. At length, Mr. Murdoch institated 
a series of experiments on the sul^t, and the gns distilled 
irom coal, began to be used, on a small scale, for lighting 
different fectoriea in the vicinity of London. 

Fron that period, which was about 30 years sinee^ gas 
ygfats obtained from coal, or oil, have graduallv come into use, 
m the purpose of lighting streets, shops, and manufactories, 
in all parts of Oieat Britain, and is, at the present time, in 
common use on the continent of Europe, and in sereral parta 
ot America. 

For many years, the ^s lights of London, and other parta 
of England, were supplied entirely by the distillation of bitu- 
minous coal ; but more recently, many of the gas works, in 
difierent parts of that kingdom, obtain their lighta from oil. 
In this country, also, oil gas is chiefly employed/ 

In respect to the advantages of gas, on the morals of soci- 
al, in great cities, Mr. Oray, in his Operative ChentUl, says, 
"From the more brilliant mat^ter in which our streets (those 
vt London) are lighted by gas, than they ever were or could 
be, by oil or tallow, there is a greater decree of security, both 
in person and property, for every class of nonest men. Crimes 
cannot now be committed in c^rkness and secrecy: and as 
the risk of detection increases, the temptation to guilt is di- 
miliirited, and thua coal gas, by the brilliant light it sheds oo 
our streets, haa worked, and is now working, a moral reform- 
ation. The house-brewers and pick-pockets dread the lamps 
mote than the watchmen, and a more efficacious measure of 
police was never introduced into society, than that from gas 
lighu." 

Oil gas is obtained by distilling impure whale or other (mI, 
in large cylindrical cast iron retorts. From four to six such 
retorts, which, in appearance, resemble 24 pound canntm, an 
placed across a fiimace buih of brick, and are all heated by 
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oh* nme file.) ThfWKre half filled w^piecM of brick, or 
iron, in order to increase the aurfoce, and ihuB to effect iIm 
-decompoaition of a greater proportion of the oil. The oil is 
contained in a reservoir placed so high as to run to the re- 
JoTtB through a tube, of which each retort has a separate 
branch. The oil is admitted into the retorts on the outside 
•of the furnace, the quantity being regulated hy a stopcock, 
-with which each is furnished. On the apposite side of the 
furnace, the gas is conducted from each retort by separate 
tubes, which afterwards join in a common tube of larger siie, 
and thence is conveyed to the gasometer. The oil is admitted 
into the retorts in a very smalf stream, or sometimes only by 
drops, and is decomposed, and converted into gas as fest as 
it runs in. 

In large works, the gasometer ia of immense size, being 
(30 or 40 feet in diameter, and 15 or 20 feet high, and capa- 
ble of containing from 12, to 20,000 cubic feet of gas. 

This is made of sheet iron, suspended by a chain, over a' 
pulley, and counterbalanced by weights on the other side. 
Thia falls into a tank, or cistern, held together by iron hoops, 

, .which are drawn with great force around it by means of 
screws. The tank being filled with water, the gasometer is 

. let down into it, while the air escapes by opening a valvein 
its top. When the air is all excluded tne gas is conducted 
into the gasometer by a pipe coming from the retorts, and 
opening under the water. As the gas rises through the water, 
the gasometer is buoyed up, and rises also, and thus the vessel 
is filled with inflammable gas instead of air. 
/ From the gasometer, which is the great fountain, the gas 
IS conducted by one large iron pipe, laid under ground to th« 

. place or street where it is burnt: It is then conducted in 
smaller pipes through the difierent streets, and from these 
pipes it 18 conveyed to the houses and shops by small tubes; ' 
and tubes of still smaller size convey it to the burners where 
the lights are wanted.' 

Rosin has lately beenused instead of oil,and is said to yield 

' a gas ^lly equal m quality to that of oil, and at a much 1«88 
expense. 
As thebumersarestationary.intheordinarymodeofligla- 
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ing witli gas, then exwititn iBconTtaimM In iti emjAoyiMii 
fiir the purpose of common houKhold illumination, whrae 
the lignis are often necenarily carried to difieient parU of « 
room, or from one room to another. There is also another 
inconTcnience, which arises from the expense of laying con- 
ductors throng Blreeta where the houses are scattered, and 
consequently, where but a small quantity of the gas is want- 
ed To remedy these defects in the ordinary method of light- 
ing with gas, it has, within a few years been proposedito con- 
dense the gas in strong copper, or brass lamps, at the gaa 
works, and then transport them thus filled, to the houses, to 
supply t(ie place of common lamps. This is distin^aished 
b^ Uie name portable gas, and has been, and it is beliered is 
still extensively, employed in London and its vicinity. 

To £11 these lamps, there is provided ai'long iron pipe, at 
one end of which is a forcing pump, which is also connected 
with another pipe leading from the gasometer, to ihe pump 
* through vrhicn the gas is conveyed. > The long pipe is fur- 
nished with short tubes placed at convenient distances apart, 
and communicating with its inside. These tubes are cut with 
screw threads, which lit the screws at the bottoms of the 
lamps, and on which these vessels' are screwed, to he filled 
TJius by working the forcing-pump, the gas is brought from 
the gasometer, forced into the pipe, and from the pipe into 
the htmps, so that ^any are filled at the same time. There 
is a mercurial gauge connected with the punypby which its 
pressure is sAown, .and consequently by which ihe amount of 
condensation of (he gas in the lamps is indicated' The flame, 
in burning the gas, is regulated by turnirig a small screw, and 
the gas is prevented fiom escape at the bottom bya valve, 
and another screw. 

The gas obtained from oiT, is much piirer than that obtain- 
ed from coaL The latter cannot be bnmed until it is purified 
hj being passed through lime water, in order to depr,ire it of 
the car^nic acid, and other impurities ; but the oil gaa does 
not require any such process, being fit for use as it passes £rom 
the retort 

The iUuminatiap power of the oil gas is also much greater 
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ifcm dwt of cool gaa, Accoiding to the experimenii of Mr. 
Accum, two cubic feet of coal gas will bum one houT, and 
ffje & quantity of light equal to three tallow candlet, eight 
of which weigh a pound. But according to the experimentf 
of Mr. Dewey, superintendent of the gas works of New- 
Torlc, |bne cubic foot of oil gas will give light for one hour, 
e^nal t6 8 candles, 6 to the pound. This agrees very nearly 
with the result of Mr. Bicardo's expeiiments, who found that 
a given quantity of oil gas was equal in illuminating power 
to four limes the same quantity of coal gas. One gBUon of 
clean whale oil will malce 100 cubic feet of ma, which, ac- 
cording to the above statement will burn 100 uouts, and gire 
as much light as S mould candles, 6 weighing a pound Such 
an immense difference between the cost of gas, and other 
lights, would seem to indicate the propriety of establishing 
gas works in every village. But the expenses of erecting 
and tending small establishmenis of ihia kind, are such as not 
to yield any considerable profit to the owners. In this conn- 
try, where 2,000, or 2,500 lights are wanted in a compact 
town, perhaps gas works, might be maintained. The ex- 
penses of erecting such works would be not br from the fol- 
lowing, viz. 

2j- miles, 3 inch main pipe, 1 7,500 

Gasometer and tank, 3,000 

Refrigerator and connections, 1,500 

One bench retorts, 6 in number, 3,000 
labour to erect the works 3,000 

17,500 

KTDKOOXN AMD SULPHUR. 

SulpkuTtlled Hydrogen. 17. 
1 p. Sulphur 16+1 p. Hydrogen I. 

somen(^ 

luric or 

muriatic acid. T^he sulphurets of these metals may be pro- 

"■■ wder, 1 " 



This gas may be procured by placing in a retort some 
pAare( o/ an(im(wy, or iron, and pouring on it sulphuri 
muriatic acid. The sulphurets of these metals mav be _ 
pared by heating either of them, in filings or powoer, with 
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nlphar: or th« natond sulpkonu may be aspUred ■ The 
diemical changiea coacem^ in the tbrmatiou of lois gas, an 
as followa. The oxygen of the jwater which the acid con- 
tains unites with the m^al of the sulphnret, which metal is 
then dissolved by the acid. Thus, the hydrogen of the water, 
and the sulphur of the suiphuret, are both set at liberty, and 
having an affinity for each other, they combine, and escape in 
the form of sulpnuretted hydrogen. 

Sulphuretted hydrogen,', is a transparent, elastic gas, which 
both to the taste and smell, is exceedingly unpleasant and 
nauseous, its odor being similar to that of putrefying eggt. 
Under a pressure of 17 atmospheies, that is, under a weight 
equal to '^55 pounds to the square inch^ this gas is condensed 
into a colorless liquid, but a?ain assumes its gaseous form, 
when the pressure is removed. . 

This gas is instantly fatal to animal life, when pure, and 
even when diluted with 1500 times its bulk of aif, has been 
found so poisonous as to destroy a b^rd in a few second^. 
Like hydrogen, it instantly extinguishes flame,.^ but is itseU 
inflammable and burns with a pale blue flame. The products 
of its combustion are water and sulphuric acid. The compcv 
aition of this gas being hydrogen and sulphur, the water form- 
ed during its combustion is the product of the union betweelii 
the hydrogen, and the oxygen of the atmosphere, during the 
act of combustion ; while the sulphuric acid is formed, by the 
union of the oxygen of combustion with the sulphur) 

Sulphuretted nydiogen tarnishes silver, and even gold, and 
blackens paint, made with preparations of lead. This gasia 
oAen generated curing (he decomposition of animal products, 
in aioE drains and ditches, and hence the paint of white lead, 
about such places often becomes black in consequence. 
Eggs contain a small quantity of sulphur, which on boiling 
is converted into sulphuretted hydrogen, and hence a silver 
spoon is instantly tarnished by coming in contract with a 
boiled egg. 
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RTDROaSN AND PBOsrHOBVS. 

Phospkvretted Hydrogt* — 13. 
1 p. Phosphorus 124-1 p. Hydrogen 1. 

This compound consists of hydiogen, in which ii diMolvsd 
R small quantity of phosphorus. It may be formed in sevemi 
ways. One of the most simple is the following : Into firo 
parts of water put 15 or 20 grains of phosphorus, cat into 
small pieces. It must be cut under w^er to prevent its tak- 
ing fira. Then add one part of granulated linc, and pom in 
three parts of sulphuric acid. 

The gas will instantly rise through the water in small bub- 
bles, and will take lire spontaneou^y on coming in contact 
with the air. Each bubble as it takes fire will torm a hori- 
zontal ring of white smoke, which will gradually enlarge as 
it rises, until lost in the air. The cause of this curious ap- 
pearance is owing to the formation of a small quantity tA phoa- 
Ehoric acid by the combustion of the phosphorus, and which 
aving a strong affinity for moisture, attracts it from the at- 
mosphere, and tbns forms a little ring of dew, which is visi- 
ble to the eya 

Phosphuretted hydrogen may also be obtained by placinir 
some pieces of p/tospkuref of lime in water, when the gas wiU 
be extricated, and will rise through the water as above de- 
scribed. [See Phosphurtt of Ltmc] 

This gas detonates with great violence when mixed with 
oxygen, and forms a dangerous explosive cwnapound with at- 
mospheric air; consequently mucn caution is required in 
making experiments with it. 

When a bubble of phosphuretted hydrogen is allowed to 
mix with oxygen, a flash of the most vividlight is spontan^ 

mu it the conpiiMIOD oC 
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tniljr ppMuced, which, in a darkened room, resembles Ifght- 
irin?. The safest method of perrorming this beaatifol eif> 
penment, is lo let up into a small strong belt glass, ot a liiick 
elasa tube, a few ounces of oxygen gas. Tnen, having col- 
lected a little of the phosphurelted hydrogen in a small vial, 
bold the hell glass in the lefl hand, with its mouth under wa- 
ter, and with ihe right hand manage the vial, bo as to let only 
a single bubhle at a time escape into the oxygen. The deto- 
nation of each bubble will produce a considerable reaction aa 
the bell gkss, which will be felt by the hand. But if the ex- 
periment be performed as desciibc-d, there will be no danger 

The gas above described is calltd ptT-p/wsphttrelted hydro- 
gen, denoting, as already explainifd, the highest degree with 
which one Iwdy unites with another. It is, so called to dis- 
tinguish it from the pTolo-phosphu retted hydrogen, which con- 
tains only half the quantity of phosphorus, and is a much less 
interesting compound. 

Per-phosphuretted hydrogen consists of 

1 equivalent of phosphorus, 12 
1 do. hydrogen, 1 

13 

NITROOEN AND CARBON. 

Carburet of Nitrogen — 26. 

2 p. Carbon 12-(-l p. Nitrogen U. 

Cyanogen. 

By boiling together red oxide of mercury and prussian blut 
in powder, with a sufficient quantity of water) there may be 
obtained a compound which shoots into crystals, and which 
was formerly called pmssiate ofmermry, but ia now known 
by the name ot c^anuret of inertvry. 

When this salt is healed in a retort, jt turns black, the cy- 
anogen passes over in the form of a gas, and the mercury is 
revived, or assumes its metallic form. 

This gas has a pungent, disagreeable odor, burns mth a 
purplish blue flame, extinguishes burning bodies, and is re- 
duced to a liquid under the pressure of about three and a hali 
atmospheres. This gas must be collected over raerciuy. 

WhKi direaioDA an glren fu liidiiuiof Ih 
tf DMnur; tn bnynd ) How ia c] 
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; 100 ctdnc iBcihwofthu gas wei(^ SSgniiu, MtdiifeaBd 
U> be compoeed of 
2 eqatntl^ila of carbon, 12 
1 do. nitrog^en, 14 

26 its combining numbei. 
Cyanogen, though a compound gas, has the singular pro- 
perty of combining with other substances, in a manner per* 
feclly similar to tM simple gases, such as oxygen and by- 



The term cyanogen,, comes from two Greek words signify- 
ing to foTnt blue, because it la an ingredient in Prussian blue. 

Hydrocyanic Acid — 37. 

1 p. Cyanogen 26+1 p. Hydrogen 1. 

Prussie Acid. 

Cyanogen is obtained by simply healing cyanuret, or prus- 
siate of mercury, as above described. Hydrocyanic, oi prus- 
sic acid, is composed of cyanogen and hydrogen. It may be 
obtained, by heating in a retort a quantity of prussiate of mer- 
cury with two thirds of its weight of muriatic acid. During 
this process, there takes place an interchange of elements, 
-Th^ cyanogen of the cyanuret of mercury unites with tiie 
hydrogen, forming hydrocyanic acid, while a muriate of the 
peroxide of mercury remains in the retort.. 

,Bu( amore common method of making prussic acid is tba 
following : 

Mix together, in a convenient vessel, four ounces of finely 
powdered Pmasian blue, two and a half ounces of red oxide 
of mercury, and twelve ounces of water. Boil the mixture 
for half an hour, now and then stirring it. The blue color 
will disappear, and the solution will become yellowish green. 
Filter the solution, and wash the residuum, by pouring on 
boiling water, in quantities sufiicienLto make up the loss by 
evajmration, and let this also pass through the filler. 

Put this solution, which is a prussiate of mercury, into a 
retort containing two ounces of clean iron filings, then con- 
nect the retort with a receiver, and place them on a lamp fui- 
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i^Mr^nMated bjr Fi^. 61. Oikiagean Aat dw JttBcton 
I^r. 61. ^ made ur tight, which may ha done hy 

Jvinding a wet ng around tbe neck of th« 
retort Next, poor into the retort one onnce 
ofmilphuric acid, diluted with three or font 
\ put! of water, and stop ita tubulure by paas- 
f rag in a straight glass lube, which had been 
ready pretmred by b«ng passed through a 
cork. Then light the lamp, and distil vnth 
a slow heat, until three ounces of ptusmc 
acid is obtained. The receive must be 
kepi cold, and also Arom the light, by being 
covered with a wet cloth. 

The fumes of this acid are exceedingly 

poisonona, and therefore the lamp furnace 

thonld be set in a fire-place during the process, so that they 
may escape np the chimney. There is a complicated inter- 
chmn of principles which take place in this process, which 
Scheele explained thus. In prussian blue the prussic acid 
exists in combination with iion. The red oxide of mercury, 
baring a stronger attraction for this acid than the iron h^ 
the prussian blue is decomposed, and a pTit)$iate of mereitTy 
is formed, which is soluble in water. On the addition of the 
iron filings and sulphuric acid to this solution, the iron ab- 
sorbs the oxygen from the mercury, which is then precipita* 
ted in the metallic form, and at the same instant the iron is 
thus oudized, it is dissolved by the sulphuric acid forming the 
snlphate of iron. Thus, the prussic acid is libeialed, because 
it does not combine with the metals, but only with their ox- 
ides, and as the iron deprives the prussiate of mercury of its 
oxvgen, the prussic acid remains free in the solution of the 
sulpnaie of iron, and being volatile, readily passes over into 
the receiver, by a gentle heat. 

The h^drocvanic acid thus obtained, is a perfectly color- 
less, limpid fluid, and cannot be distinguished by the eye from 
distilled vrater. It has a strong oi&r, resembling that ol 
peach blossoms, and when much diluted has the taste of bit- 
ter almonds. 

Prussic acid is the most active and poweriul of all known 
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tisons. A single drop placed on the tongiie of a do^ causes 
) death in a few seconds, and a serrant girl who swallow 
'ed a small glass of it, diluted whh alcohol, fell down instant' 
ly, as though struck with apoplexy, and died in two minittes. 

■ A professor at Vienna, having prepared some of this acid in 
"ita most concentrated state, by way of experiment, difTused . 

some of it on his naked arm, and was kUled thereby in a 
sbon time. 

These instances not only show the terrific and mysterious 
effect which this substance has on ihe animal economy, but - 
they also show what extreme caution is necessary in prepar- 
ing and using it. (^hen much diluted, it has, however, been 
considerably employed as a medicine, in cases of consump- 
tion, and oiien with good effect 

Although the investigations of cheniiatry have developed 
chis substance, than which, even lightning itself is scarcely 
more prompt, or sure, in destruction, still the wisdom of Om- 
niscience has connected circumstances with its production 
and nature, which, in a great measure, will always prevent its 

' employment for criminal purposes. The process by which 
it is made, requires more chemical skill than generally falls 

' to the lot of unprincipled and vicious persons; and when 
obtained, its active properties are so evanescent, as never to 

■ remain more than a week or two, without peculiar irealmenl, 
and sometimes it becomes nearly inert in a few days. The 
odor, also, which is distinguished in animals destroyed by it,, 
is often the sure means of detection. 

: The commencement of its decomposition is marked by the 
reddish brown color of the liquid, and, in a short lime after, it 

' becomes black, and deposits a thick carbonaceous substance, 
at (he same lime it loses its peculiar smell, and emits that of 

' ammonia.' In this stale, the prussic acid has none of its for- 
mer properties, but becomes entirely inert and worthless. 
• This substance possesses the sensible qualities of an acid 

/only in a very slight degree, being hardly sour lo the taste, 
and producing but very little change in the blue colors of 
vegetables. It however performs Uie office of an acid in 
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comUuin^ with Blkaline bases, forming Baits, calieiprussiatei 
or hydrocyanates. 

The following ia an example, by which the composition oi 
a aubslance may be found, when one of its elements can be 
made to combine with a third body, in a known proportion. 
By a previous experiment it was ascertained how much cya- 
nogen would combine with a given portion of potassium, the 
basis of potash. Then,'Giay Luasac exposed to the 
100 measures of prussic acid, heated so as to be in the state 
of vapor, a quantity of potassium precisely sufficient to absorb 
50 measures of cyanogen. By this process, cyanuret o' 
potassium was formed, and e."cacily 50 measures of the vapoi 
of prussic acid was absorbed, leaving* 50 measure^ of pure 
hydrogen remaining in the vessel in which the experiment 
was made. 

From this experiment, it appears that prussic acid 
posed of(equal volumes of cyanogen and hydrogen, and there- 
fore that they combine in (he ratio of their specific _ 
that is, the weight of the vapor of prussic acid must be the 
combined weights of cyanogen and hydrogen, of an equal 
bulk. 

Now the specific gravity of : hydrogen is known to b 
0,0694, and cyanogen gas, 1.8044, air being 1000, Cyanc 
gen, therefore, is 26 times as heavy, bulk for bulk, as hydio- 
gen, and since they combine in equal proportions, by volume, 
to form prussic acid, it follows that this acid consists of an 
atom of hydrogen united to an atom of cyanogen, and there- 
fore, that an atom of cyanogen gas is 26 times as heavy as 
an atom of hydrogen.- Thus, the atomic weight of cyano- 
gen is' 26, that of hydrogen being 1, and the specific grarity 
of the vapor of prussic acid being the medium between them, 
is 0.9369, because 0,0694, the specific gravity of hydrogen, 
added to 1.8044, the specific gravity of cyanogen, makes 

doa? From ihis exptrimanl. vhUappun la be the compoaltlon orpruHJc acid, bj vo- 
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1.873S, the medium, or hftlf of n-hich is 0.9869, Ae specific 
gravity of the T&por of pnissis acid. 

The compoBttion of prussic acid may therefore be stated 
thus: 

Bj Tdnms. Bt woighl. 

Cyanogen 50 1.8044 26, one atom. 

Hydrogen 50 0.0694 1, one atom. 

100 acid Tapor. 27 atomic weight. 

Thus the atomic weight, or equivalent number for cyano- 
gen is 26, and that for prussic acid is 27. 

The above will serve as a practical example of the method 
of finding the atomic weight of a constituent, under similar 
circumstances. 



Sulphuref of Carbon — 38. 
1 p. Carbon 6+2 p. Sulphur 32. 

This singular compound may be made by the following 
process. ''Place an earthen lube, of about an inch and a half 
in diameter, a little inclined across a chaffing dish, previous- 
ly nearly filled with small pieies of newly burned charcoal. 
To the higher end of this tub: adapt another tube of glass, 
£lled with small pieces of sulphur. The end of this lube, 
not connected with the one of earthen, must be stopped with 
a cork, through which passes a wire, the whole being made 
air tight. To the opposite end of the earthen tube, another 
glass lube must be connected, and so bent as to pass under 
(he sur&ce of some water, contained in a bottle. When 
every thing is thus prepared, the charcoal in the chaffing- 
dish is set on fire, and when the centre of the tube becomes 
red hoi. (he sulphur must be pushed forward with the wire, so 
as to come in contact with the charcoal. The combination 
instantly ensues, and the vapor of sulphuret of carbon will 
condense under the water in the vessel. In this state it is of 
a yellowish color, but may be purified by redistilling in a 
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Ktoit containiag a little muriate of lime, to alMorb the water,' 
The heat, during this process, must not be over 110°, and 
therefore, is best applied by a vessel of water oyer a lamp, ia 
which the retort ia placed. The neck of the retort is dipped 
under water, as before. 

The compound, thus obtained from two solids, the one black 
and the other yellow, is a perfectly transparent and color- 
less liquid, .'lis taste is acrid and pungent, and its smell ex- 
ceedingly fetid and disagreeable. Its specific gravity is 1.27, 
water being 1.00. It does not mix with water, but sinks 
through thai fluid, as water does through the lightest oiL 
f II possesses very high refractive powers, (see Nat. Philoso- 
phy,) and ia so Tolatile aa lo produce an intense degree of 
cold by evaporation, when exposed to the open air. Il is high- 
ly inflammable, and bums with a blue flame, emitting copious 
fumes of sulphuric acid. It dissolves phosphorus and iodine, 
the solution of the latter being of a beautiful pink color. 

/It was staled a year or two since in Paris, and republished 
in the journals of this country, that when this substance is 
mixed with phosphorus, and allowed lo stand under water for 
six or eight months, the phfisphorus combines with the sul- 

Shur, thus, leaving the carbon to crystallize, and form real 
iamonds. Having leA such a mixture, undisturbed, for a 
much longer period than the recipe directs, we have as y^ 
discovered no appearance of this precious gem. 
Sulphuret of carbon is composed of 

1 equivalent, or atom, of carbon, 6 

2 do. do. sulphur, 32 

Its combining number, 38 



The metals form the most numerous class of undecomposed, 
or elementary bodies. They possess a peculiar lustre, called 
the melaUie, which continues m the streak, or when they are 
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radoced to small fragments, i I'h^ are all conductors of 
dectrkity and caloric. They are iusible, at different tem- 
peiatares, and in fiisioii retain their lustre and opacity. (They 
are, in g^eneral, good reftectors of light, and wlui the ezcep- 
'tionof gold, which, in the thinnest leaves transmits a green 
light, they are perfectly opaque,"] 

/Many of the metals may be extended under the hammer, 
arid are heace called malleable, or under the rolling press, 
and are called laminabU, or may he drawn into wire, and are 
called ductile. \ Others can neither be drawn into wire, nor 
hammered into pialeS( but may be ground to powder in a 
mortar; these are called brittle metals. 

AThe metals are capable of combining with each other, in 
any proportion, when melted together, and such compounds 
are called alloys. 

With a few exceptions, the metals have the greatest spe- 
cific gravity of all bodies. Potassium and sodium swim on 
water, but with these exceptions, the lightest among them, 
cerium, is about S,"- limes the weight of water; platinum is 
more than 20 times heavier than the same bulk of water. 

The metals differ in respect to, brilliancy, color, density, 
hardness, elasticity, ductility, tenacity, conductility for caloric 
and electricity, fusibility, expansibility by heat, stability, odor, 
and taste,' 

When combined with oxygen, chlorine, iodine, or sulphur, 
and the resulting compounds submitted lo the action of gal- 
vanism, the metals wiihout exception are revived, and appear 
at the negative side of the battery, hence all the melala are 
positive electrics. 

The malleable metals, such as gold, silver, and iron, in 
whatever manner their surfaces are increased, if this is done 
rapidly, grow hot, and crumble under the hammer, or press, 
and finally refuse to be extended any further. It then be- 
comes necessary, if their surfaces are to be &ither extended, 
10 anaeal them, which is done by exposure lo a red heat, 
when they become soil and malleable as before. It is pro- 



WhU Impondusble sgrau do aU ibo melila eoKlBCt 1 An iH ilw maula opaque I 
What uenf*U(able,lamLn9ble, and ducUkmeiaial What us briula maula 1 WhM 
hacalUiTl WWlaiildoribeqieclltcgniTtljiif IhemMalil What an Ihs isi^mt- 
latiinqieauwhich IheiwujBdKfti) What ii Uis siKIrlul lUU oT ilia ir ~' 
¥lMnlhB«(fcCMOflJ ■"" ........ 

pniacei aa UMlrlaini 



oflb^Google 



198 MSTUS. 

bable that this chan^ is ^iodne«d by a qusnlity of calotie 
which the metal rOains in its latent state, and by which id 
particles aie prevented from forming eo compact a nmsa as 
before. When the metal is again drawn under the hammei 
OT press, it grows hot, and at the same time is increased in 
density and specific giavity, the caloric before absorbed be- 
ing given ouC and the metal is again rendered brittle by the 

All the metals are converted into a fluid stale.by sufficient 
degrees of heat. In this respect there is a vast difference 
in tbe different rqetals. Mercury is a fluid at all common tem- 
peratures, and does not assume the solid form unless exposed 
to a temperature nearly 40° below the freezing point, while 
plalina and columbium continue solid under the highest heat 
of a smith's forge, and only become fluid under the heat of 
the compound blowpipe, or the action of the most poweifiil 
galvanic battery. 

With several exceptions, these bodies suffer a singular 
change on exposure to air and moisture, or on exposure to 
air and heat. They lose their tenacity, brilliancy, and other 
qualities peculiar to the metals, soil the fingers, and crumble 
to powder, but at the same time increase in weight. This 
change is termed oxidation, and in this state they are termed 
metallic oxides. 

This increase in weight and loss of metallic splendor, does 
not happen when the metal is placed in a vacuum, or when it 
_ is protected from the air by varnish or other means, but is 
' found to be the consequence of the union between the metal 
and the oxygen of the air, or water, or both. Thus, iron, 
when exposed to air and moisture, spontaneously absorbs 
oxygen and is converted into a brown friable matter called 
rust. 'This is an oxide of iron. The increase of weight is 
caused by the solid oxygen which thus combines with the 
metal. 

Metals, in the language of chemistry, are termed eombits- 
tiHes, because they are capable of CMnbining with oxygen. 
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and tbiu pusin? through the procew of oxidation, or com- 
bnstioQ. In ordinary combustion there is an extrication of 
heat and light, andlunder &vorable circiunBtances.iaeveral 
of lie metals exhibit these pnenomena. Zinc bums with s 
brilliant ilame when heated, and exposed to the open air ; and 
iron, when heated in oxygen gas, emits the moat vivid scin- 
tillations, attended with intense heat. Gold and platlna., the 
metals which have the least affinity for oxygen, are still ca- 
pable of uniting with it so rapidly, as to produce scintillations 
when heated with the flame of the compound blowpipe. In 
all cases the metals combine with oxygen most rapidly when 
exposed to the highest degrees of heat.' Hence, at common 
temperatures, their oxidation proceeds so slowly as not Co 
emit sensible light or heat ; and some of them, such as gold, 
silver, and platina, do not combine with it at all at such tem- 
peratures. ■ 

Some of the meCala combine with oxygen in only one pro- 
portion, while others combine with it in three or four pro- 
portions. ' Thus, there is only a single oxide of zinc, but 
there are three or fdur oxides of iron. 

After the metals are converted into oxides, they may again 
be reduced, that is, brought back to their metallic stales, by 
depriving theei of their oxygen. This may be done by se- 
veral methods, depending on the nature of the metal, or the 
force by which it retains the oxygen. The reduction of many 
of the metals from their ores, is nothing more than depriving 
them of their oxygen. 

For this purpose, a common method is to' heat the oxide 
with some -combustible, which has a stronger affinity for the 
oxygen than the metal has. Thus, the oxide parts with its 
oxygen, and assumes the metallic form, while ihe combusti- 
ble absorbs that which, the oxide before contained, and is 
itself consumed or converted into an oxide. As an example, 
carbon when heated has a stronger affinity for oxygen than 
iron, and therefore^ when carbon and oxide of iron ar« 
strongly heated together, the iron is reduced while the chai- 
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coal is converted into an oxide, or an acid, and pMSM K<^^ 
inio the air, or in common langfoag^e, is burned up.' This » 
the method of reducing iron from its ores. 

In some instances, heat alone drives away the ozygoi and 
reduces the metal ; but in such cases the metal 1ms only a 
weak affinity for oxygen. The oxides of gold, mercury, and 
platina, are thus reduced, 

Metals having stronger affinities for oxygen, reaist Buch 
methods of reduction, and require the more powerful agency 
of galvanism. When metallic oxides are exposed to this 
influence, the reduced metal is found at the negative side of 
the battery, while the oxygen rises through the water at the ' 
(positive side. I 

None of the metals are soluble in an acid, in their metallic 
states, but when first combined with oxygen they are readily 
dissolved. Gold will not dissolve in muriatic acid alone, 
because this acid does not part with its oxygen with such 
facility as to form an oxide of the metal. But if a quantity 
of nitric acid be added to the muriatic, the gold instantly be- 
gins to enter into solution, and a chloride of the metal is 
formed. ;'If a piece of zinc be thrown into sulphuric acid, it 
will remain undissolved, but if three or four parts of water 
be poured in, the metal is attacked with great, violence, and 
soon dissolved. In this case the water furnishes the oxygen, 
by which the zinc is oxydized, and it is then dissolved by the 
acid. By this method hydrogen is obtained; the metal de- 
composing the water by absorbing its oxygen, while the hy- 
drogen is set at liberty. ' 

The metals combine with phosphorus, sulphur, and car- 
bon, forming compounds called, phospkurets, siilpkurets, and 
carburets. . 

Of all the infianunable bases; sulphuc appears lo possess 
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th» stroosest affinity for the met&la, and its combination witb 
some of them is attended with remarkable pheoomena. This 
affinity is shown by the following intereatin? experiment 
I Introauce into a Florence flaak, three parts of iron, oi cop- 
per filings, and one part flowers of sulphur, well mixed to- 
gether. Then stop the flask with a cork, and place it over 
a lamp, so as to heal it slowly, and as soon as any redness 
appears, remove the flask from the fire. The chemical ac- 
tion thus begun, will be continued by the heat evolved by 
the combination between the sulphur and the metal, and the 
whole mass in succession will become red hoi, which, in the 



Jark, will produce a very beautiful appearance.) 

(We have staled, in a former part of this work, that whet) 
bodies pass from a rarer to a denser state, caloric is evolved. 

The heat and light, in this experiment, seems lo be the 
consequence of this general law of condensation, for the sul- 
phurel, formed by the union of the two bodies, occupies 
much less space than the metal anti.sulphur did before. 

Many of the metallic sulphurets are very abundant in na- 
ture, forming the ores of the metals. Several metali are 
extracted entirely from such ores. The most abundant sul- 
phurets are those of lead, antimony, copper, iron, and zinc 

The phosphurets !_are seldom found as natural products, 
but may be formed, by bringing phosphorus into contact with 
the metal, at a high temperature. 

Carbon unites with iron in several proportions. Unrefined 
iron, steel, and black lead, are all carburets of iron, the latter 
containing 95 per cent, of carbon. 
rWhen the oxide of a metal is dissolved in an acid, (here 
is' a compound formed, which diSers entirely from either of 
these two substances, and when the liquor is evaporated ihero 
remains a crystalline solid, called a metallic salt. These 
salts difier materially from each other, according to ihe kind 
of acid and metal of which they are composed. Some of 
them, such as the sulphate of iron, and acetate of lead, are of 
great importance to the arts. 

The oxides of the metals readily unite by fusion with glass, 
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Mid it is by such means that this substaitee is made (o r» 
nmble gema and precions stones. The stained glass, so 
celebrat^ among the ancients, and used in the windows oi 
churches, was piepared in this manner. This art was said 
to iiavB been lost, but stained glass is still made in mstrf 
pads of Europe, and in this country. {See GUss.) 

^Compounds, made by fusing two or more metals together, 
are called alloys.) In these cases there ia a chemical union 
between the metals ; and hence such compounds differ great- 
ly from the metals of which they are compoaed. (In general, 
the specific gravity of the alloy is greater than the medium 
specific grarilv of the two metals, and of consequence, the 
bulk of the allay is less than that of the two melals taken 
aeparalely, ' As an example, if two bulleta of copper and two 
of tin, of equal bulk, be melted together, they will form little 
more than tnree bullets of the same size. This diminution of 
bulk is accounted for, by supposing that the particles of the 
two metals enter into a closer union with each other, when 
combined, than those of either did in a separate state. 

The alloys of the metals are-also more easily fusible than 
the metals of which they ate composed ; that is, the melting 
point of an alloy is below the medium temperature at which 
the metals composing it are fusible. 

:An alloy, made of 8 parts bismuth, 5 lead, and 3 tin, is a 
curious instance of this tact. In a separate state, the melting 
point of lead ia 500°, bismuth, 490°. and tin, 430°, and yet, 
when these are fused together, the compound melts at Sfs*^, 
Amusing toys, in the form of tea-spoona, have been made of 
this alloy. Such spoons, in the hand of those who know no- 
thing of their compoajtion, hare excited great astonishment, 
by coming out of a cup of hot tea with their bowls melted off. 

The number of melals, and the variety of properties which 
they possess, render it necessary to throw them into classes 
and orders, that a knowledge of these properties may be more 
easily obtained. 

The following arrangement is that originally proposed by 
Thenard, and adopted by Henry and others. 

We have already stated, that some of the metals are redu- 
ced from the state of oxides by heat alone, such metals hav^ 
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S only a slight affinity for oxygen. OtLeis, it vna also sta- 
have so strong an attraction for oxygen, ihat ihey cannot 
be reduced by this method, but require the presence of a coo^ 
buBtible, or some other means, for their reduction^ The ap- 
rangetnent into classes is founded on this distinctive difference. 
The orders of the second class are/founded on the powers of 
tne metals to decompose water."! 

Class I. — Metals, the oxides of which are reducible to the 
metallic slate, by heat alone. These are 

Mercury, , Platinum, Osmium, 

Silver, Palladium, and 

Gold,. Rhodium, Iridium. 

Class U. — Metals, the oxides of which are not reducible 
(o the metallic slate by the action of heat alone. 

Order 1. — Metals which decompose water at common tem- 
peratures. These are, - 
Potassium, Lithium, Strontium, 
Sodium, Barium, Calcium. 
Order 2. — Metals which are supposed to be analogous to 
Order 1, but whose properties are but little known. These 
nte. 





Tttrium, Zirconium, 


Glucinum, 


Aluminum Sllicium, 


Order 3. — Metals which decompose water at a red heat 


These are. 




Manganese 


Iron, and 


Zinc, 


Tin, Cadmium. 


Order 4. — Metals which do not decompose water at any 


(emiierature. These 


are. 


Arsenic, 


Uranium, Titanium, 


Molybdenum, 


Columbium, Bismuth, 


Chromium, 


Nickel, Copper, 
Cobalt, Tellurium, 


Tungsten, 


Antimony, 


Cerium, Lead. 


Of the first class, there are 8 metals; of the second, there 


are 32; making 40 ii 


lall. 
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CLASS I. 
Metals, the oxides of which are decompoaed by the actioi 
of beat alone, 

MERCURY — 200l 

Mercury, or quickailver, is found native, or in its pare 
state, only in small quantities, the mercury of commerce being 
chiefly extracted from , cinnabar, which is a sulphurel of the 
metal. , The metal is extracted from this ore, by heating it in 
iron retorts, mixed with iron filings or lime. By this process, 
the Bulphiar combines with the lime or iron, forming a sul- 
phuret of lime or iron, while the mercjry is volatilized, and 
IS distilled into a receiver, where ii condenses in its pure form. 

'This metal is distinguished from all others by preserving 
Its fluidity at common temperatures? Its specific gravity is 
13.5. At the temperature of 660° it boils, rises in vapor, and 
may be distilled from one vessel into another. At 40° below 
zero it becomes solid; and is then malleable, and may be ham- 
mered into thin plates. 

When pure, itis metal is not readily oxidized in the open 
air at common temperatures, but when mixed with other me- 
tals, such as tin, or zinc, there is commonly a film of oxide 
on its surface ; hence this la an indication that the mercury is 
impure. When mercury is triturated with an equal quantity 
of sulphur, there is formed a black powder, called ethiopt 
mineral. 

Mercury readily combines with gold, silver, tin, bismuth, 
and zinc ; but not so readily with copper, arsenic, and anti 
mony, and with platina and iron scarcely at all. The result- 
ing compounds between mercury and the other metals, are 
called amalgams.. 

Mercury has such an affinity for gold and tin as lo dissolve 
these metals in small pieces, a( common temperatures. In 
the mines of South America, a great proportion of the gold 



Wtei laOu 


1 




mnca 




Sua, uid vtML iu chcmicil nmal 


Whu 




neOiad of abulnlng ch« mman rrom i 




tinction m Ihen 


1 b«w«ra mmur7 Mid nhHtneitlgl 


Whu if Uw tpeclBc gniTltf K 












1 Whei 


J wild, whu propeny common lo mi 


iDTWhcr nieuladaa it dohbI 


WW 




btiou. Indiculou at impuriiy in ihjimeiil 1 Wb« li aiitapi mtunll 


When 


mmairj 


' BriDtiiiKi wlUi mim miuli, whil li d 


»c.m.p(»»dalM1 



oflb^Googlc 



VKRCVST. "208 

was formeily procured by amalgamation. Ssnd containing 

particles of gold, was agitated in a close Tesael with mercury, 
uid the two iaetals thus brought in contact, united and formed 
an amalgam. This was then distilled in ai) iron vessel, by 
which the mercury was driven away, whilethe gold remained. 

At the present lime, the gold-beaters make use of the same 
means to obtain the small particles of the metal contained in 
the sweepings of their shops. (The sweepings being placed 
in a close vessel, and agitated with mercury, an amalgam i 
formed. The gold.isUien separated by pressing the amal- 
gam in a buckskin bag, which forces the mercury through 
the pores of the leather, while the gold is retained.. 

Mercury is applied to many other uses in the arts, and is 
a constituent in several important medicines. 

The stlverin^ on the backs of looking-glasses, is an amai 
gam-of tin) and is put on in the following manner: Asheetof 
tin foil is laid perfectly smooth on a slab of marble, and on the 
tin foil, mercury is poured", until it is about the eighth of an 
inch thick; the attraction of the metals for each other, keep- 
ing the mercury from running off When the mercury is 
spread equally over the surface, the glass plate is run or filid 
on. This is so managed, by partly immersing the end of the 
plate in the edge of the mercury, and pushing it forward, a? 
LD entirely exclude the air from between the metal and the 
glass. Weights are then laid on the plale, to press out the 
mercury which does not amalgamate with the tin. In about 
24 or 36 hours, the amalgam adheres to the. plate in the 
manner we see it on looking-glasses. The glass, therefore, 
merely serves to keep the amalgam in its place, and being 
transparent, to transmit the image which is reflected from the 
surface of the metal. Could the mercury be kept from oxy- 
dalion, and be retained in its place without the glass plate, 
such mirrors would be much more perfect, since the gla^s 
prevents some of the rays of light from passing to and from 
the metal 
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906 KlECWtT 

VKBCIIKX ANft OXTttlN. 

Peroxide of Jlf«r<«ry— 216. . 
1 p. Mercury 200+2 p. Oxygen 16 > 
Rtd Precipitate. 

This compound is commonly formed/by dissolving mercury 
HI nitric acid, and then exposing the nitrate to such a degree 
of heat as to expel all the acid.; It is in (he form of small, 
shining crystalline scales, of a red color. When (exposed lo 
a red heat, this oxide is reduced, and converted into oxygen, 
and metallic mercury, a circumstance on which its arrange- 
ment in the present class depends. When long exposed to 
the action of light, the same effect is produced. Red pre- 
cipitate is employed in medicine chiefly as an escharoticj 

It will be observed at the head of this section, that the per- 
oxide of mercury is composed of 200 parts of the metal com- 
bined with 16 parts or two equivalents of oxygen. The prot- 
oxide of this metal consists of 200 mercury, and 8 oxygen, 
Aese compounds conforming precisely to the doctrine of defi- 
uite and multiple proportions, as formerly explained. The 
reason why so large a number as 200 is taken for the equi- 
valent of mercury, arid Some other metals, will be understood, 
when it is recollected, that the data from which all the pro- ' 
portional numbers are estimated, is the proportions of hydro- 
gen and oxygen forming water. The proportion of oxygen 
in this compound being 8, and this number for oxygen being 
fixed, thai for mercury is 200, because it is found by experi- 
ment, that these are the smallest proportions in -which thesr 
-.wo bodies combine. 

MERCCRV AND CHLORINE. 

Protochloriiie of MtTcwry — 23& 
I p. Mercury 200-|-l p. Chlorine 36. 
Calomel. 
When chlorine, a gas formerly described, is brought in 
contact with mercury, at common temperatures, a combina- 
tion takes place between ihem, amountmg to one proportioQ 
of each, forming a protochloride of the metal. This, how- 
ever. Is not the common method of preparing calomel; the 
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two eonttitaeiits being more conveniently conritined in their 
proper pioportions^ by miring the bichloride of this metal 
with an additional qiaanlily of mercnry/) The bichloride of 
mercury contains, as its name signifies, (^two proportions of 
chlorine and one of the metal.) This compound is known un- 
-det the name ofieorrosive sublimate. ^It contains mercury 200, 
and Chlorine 7^ parts by weight. When this salt is triturated 
with mercury, the metal absorbs a pan of the chlorine, and 
the whole is converted into a protochloride, or calomel. ' The 
proportions are 272 parts, or 1 equivalent of the corrosive 
sublimate, and 200 parts, or 1 equivalent of the mercury, 
^This process affords a beautiful illustrattonof the truth of the 
doctrine of definite proportions ; for when these equivalents 
are mixed in a mortar, and then sublimed by heat, 36 parts, 
or I proportion of the chlorine is transferred from the bi- 
chloride to the metallic mercury, thus converting the whole 
into 472 parts of protochloride of mercury, or calomel. 

This process also shows, in a striking manner, the effects 
of different proportions of the same principles, on the quali- 
ties of bodies. Corrosive sublimate is one of the most active 
and virulent of all metallic poisons, and in doses of only a few 
grains, occasions the most agonizing symptoms, which com- 
monly end in death. But calomel is a mild and safe medi- 
cine, which may be taken in doses of 60. or even 100 grains, 
without injury. And yet the only chemical difference between 
these two substances is, that the calomel is a compound of 1 
atom of chlorine combined with one of mercury, while corro- 
_ sive sublimate consists of 2 atoms of the first and 1 of the 
metal. 

MERCCRY A 



Sulpkuret of Mercury — 216. 
1 p. Mercury 200+1 p. Sulphur 16. 
Cinnabar. 
Cinnabar is prepared by fusing mercury and suhihur to- 
gether, and aiieiwards subliming the compoimd. When this 
compound ia reduced (o a fine powder, it forms the well 
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known {Mgrnent vermiUon.) Cinnabftr occun in iiRtaie, ta 
large quantities, and is the subatance, as already stated, from 
which mdrcnry is chiefly obtained. 

SILVKK — 1 10. 

'Silver is bund native in small quantities. It also occun 
mixed with several other metaist fas copper, antimony, arse- 
nic, and sometimes with gold, but is chiefly found in combi- 
nation with sulphur, forming a sulphuret o"f siivef; 

This metal, when pure, admits of a lustre only inferior to 
that of polished steel. Its specific gravity is^lljbeing abont 
half that of platina. > In malleability and ductility it excels 
all the other metals except gold and platinfu 

(Silver is fused by the heal of a common furnace, and by 
a long continued and high degree of heat ii may be volatili- 
zed, or turned into vapor. By slow cooling, this metal may 
be obtained in regular crystals. It is not oxidated by expo- 
sure to the combined action of heat and moisture, but is 
readily tarnished by sulphureous vapor.' Sulphuric acid dis- 
solves this metal, when assisted by heal, but hs proper solvent 
, Js nitric acid, with which it readily combines, and when the 
solution is evaporated, forms nitrate of silver, a substance 
known under the name of lunar eauttic. 

Silver is precipitated from its solutions, by several of the 
Sther metals, in its metallic formi This happens when any 
other melal, having a stronger affinity for oxygen than silver, 
is placed in a solution of this metal. 

' If a quantity of nitrate of silver, or lunar caustic, be dis- • 
solved in water, and a slip of clean polished copper be dip- 
ped into it, the copper will be covered with a coat of silver. 

Diana's lUvtr tree is made by precipitating silver from its 
solution by means of mercury. This interesting experiment 
may be performed in the following manner. , Mix together 
six narts of a solution of nitrate of silver, and four parts of 
a solution of nitrate of mercury, both completely saturated. 
Add a small quantity of rain water, and put the n ' ' 



nncinnniooiiiiiu focihli HTOpDundl Wlut In Tanallkn 1 bwlal 
occur) Whuiiibe>ulMuic«wJUIi«h3cblitochiefl7l» ' ' ~ 

flcgimvHrl Wliuiii^dif iunnU«biliv«idduuJIU7l H 

I WtuifiilMBUronniidwiHil •!]¥« ia divolTod I 
Lie fHTuiid 1 Hm? mAy «Ui 
Ik pimii Jbr tonnlng Dlww'n Mlm 



oflb^GoOglc 



iiLTH. 200 

a ghas decanter, containing six parts of unalgam, made ot 
serm parts of mercury, by weight, and six parts of silver lea£ 
In tke course of some hours, there will appear small shining 
scales of jnetallic silver on the amalgam, wnich will increase, 
and shoot out in the form of a silver tree, producing a very 
beantifi)] appearancej 

Silvering powder may he prepared in the following man- 
ner, precipitate silver from its solution in nitric acid, by 
dropping into it some plates of clean copper. Take 20 
gmins of this powder, and mix with it two drachms of cream 
of tar tar, the same quantity of common salt, and half a 
drachm of alum. These articies must be finely pulverized, 
and intimately mixed in a mortar. If a little of this powder 
be moistened, and rubbed on a clean surface of brass or cop- 
per, the silver will be precipitated, and the surface of the 
metal will be covered with it. In this way the silvering of 
candlesticks, or other articles, where it is worn oiT. may be 
replaced. The addition of the other articles to the precipi- 
tated silver, probably serves no other purpose than to keep 
the surface of the brass perfectly clean, and free from oxide, 
as the powder is rubbed on." 

Silver may also be precipitated on ivory, and then revived 
by the action of solar light. ' Into a dilute solution of nitrate 
of silver immerse a slip of polished ivory, ond let it remain 
until it acquires a yellow color, then place it in a tnmb'er of 
pure water, and expose it to the direct rays of the sun for a 
few hours, or until it turns black. ' If now, it be gently rub- 
bed, the surface will be changed into'a bright metallic one, 
and the slip of ivory will, in appearance, be transmuted 
into one of silver. This change is caused by the deoxidizing 
power of the solar rays, in consequence of which, the oxy- 
gen is separated from the silver, and the metal reduced to its 
former stale. 

A verj- useful solvent of silver is made by dissolving one 
part of nitre with about eight parts of strong sulphuric acid. 
' This solvent, when heated to about the temperature of boil- 
ing water, will dissolve silver, without acting on gold, copper. 
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Mo SOL*. 

lead, or iron, aad hesca may be conreniratly iiaed to erttact 

ike silrer Itoib old {dated goodi, &c. 

The combining number for silver isUlO/iit having twm 
fonnd that the oxide of this metal contams 1 1 silrei, and 8 
OE^en. 

The sulphtuet of silver is composed of 110 of the meMl, 
and 16 sulphur. 



This well known precious metal is found only in the me- 
tallic state, either alone, or mixed ivilh other metaUj Con- 
sequently,! there is no such thing as an ore of goldj Gold is 
sometimes found disseminated in rocks, but always in its 
metallic state, and never mineralized by suljjhur, oxygen, or 
any other substance. Its specific gravity is\\.^J (_It is the 
most malleable of all the metals, and in ductility is only ex- 
celled by plaiina. [. 

The extent to which a given portion of this metal may be 
spread, and sti^ continue a perfectly unbroken surface, is truly 
astonishing. A single grain of the best wrought gold leaf is 
found to cover fifty-six square inches, and it would take near- 
ly 282,000 such leaves to make an inch in thickness. This, 
however, is not the utmost limit to which its tenuity may be 
extended, for the wire used by lace makers is drawn from an 
Ingot of silver gilded with this leat and from the diameter of 
the ingot, compared with that of ihe wire, it has been found 
that the covering of gold on the latter is only a twelfth part 
of the thickness of gold leaf. Supposing the leaf, when first 
placed on the silver, to have been the 30 thousandth part of 
an inch in thickness, the covering on the wire would require 
360,000 times its own thickness to make an inch ; and siill 
this covering is so entire that, even with a microscope, (he 
silver is not to be seen. 

Gold ia the only metal which can be made so thin as lo 
transmit the rays of light, and the rays so transmitted, instead ■ 
of being of the same color with (he metal, are green.' 

This, metal, when pure, is not oxida(ed, or otherwise alter- 
ed, by being kept in fusion, in the highest heat of a furnace 
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Ibv any length of time^ Su)phutic, okric, or moriadc Mid, 
do not alone produce tn« least aclton on gold ; bnt when two 
jMUtsof nitric and one of muriatic acid are miiedi fbrmingf 
aqua regia, the mixture dissolves this metal with facilitr. 
Put some nitric acid into one vessel, and some muriatic acid 
into another, and throw a little gold leaf into each. Not the 
least effect on either will be produced ; but if the contents of 
one vessel be poured into ihe other, immediate action will 
ensue, and the metal 'will soon be dissolved. 

I'he solution of gold is decomposed, by many substances 
which have a stronger attraction for oxygen than this metal 
has, and by absorbing the oxygen, restores the gold to its 
metallic slate. 

^f a piece of ribbon, or other substance, be moistened with 
some dilute solution of gold, and exposed to the action of a 
current of hydrogen, the gold will be revived, and the rib- 
bon, or other substance, wUl be covered with a film of gold.^ 
By means of a camel hair pencil, the solution may be applied 
Eo the ribbon in regular figures, and as the appearance of tht 
ribbon is not changed by the application, until the hvdrogea 
ia thrown upon it, a striking experiment may be made in mis 
way. The hydrogen must be applied while the ribbon is 
moist, and may be blown on, through a lube attached to a 
bladder containing it. 

Sulphuric ether precipitates gold, but instantly dissolves 
the precipitate, forming an etherial solution of the metal. 
This solution is sometimes employed to gild lancets, scissors, 
and other instruments, in order to preserve them from rust. 
This is readily done by the following method. Into a given 
quantity, say an ounce of the nitro-muriatic solution, of gold, 
pour twice as much sulphuric ether ; shake the vessel, and let 
It stand two or three minutes, and then pour into another ves- 
sel about one third of the mixture. The acid does^nol mix 
with the ether, but settles to the bottom of the vessel, leaving 
the ether in possession of the gold on its surface ; the por- 
tion decanted into the other vessel, therefore, is an etherial 
solution of ^Id. Any perfectly clean and polished steel in- 
strument, will be covered with a coat of gold, if dipped for a 
) this solution. When taken from the ether, it 
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SIS PLATINm. 

Bhoald be instantly plunged into pure water, to fraoh off any 
pMticlea of acid, which may be retained in the solatHm. Tm 
ustrument may afterwards be burnished, when it will have 
■11 the appearance of the best gilding;. 

In thia case the gold appears to be in its metallic state, and 
to be retained on the surface of the stee! by the attractkHi of 
coheeion, while the ether evaporates. 

PLATiNrx — 96. 

Platinum is a white metal, resembling silver in color, but 

a liule darker. It is the heaviest of all known bodies, having 

a specific gravity of 22., 

This metal comes chiefly from several parts of South Ame- 
rica, where it is found in small grains, or scales, exceedingly 
heavy, and nearly the color of wrought iron. In this slate 
it is alloyed by several other metals, and requires to be puri- 
fied before it is malleable. It was first discovered in 1741, 
but has not been applied to any considerable use until within 
the last Ift'enlv years. This metal has lately been discovered 
in constderabie quantities iq Russia, and is employed for the 
purposes of coin, for which it is well adapted. 

Platina. like iron, may be welded, and like gold, suffers no 
change from the combined agencies of air and moisture, or 
by long continued heal. For many purposes, therefore, it is 
the most valuable of ail the metals. 

This metal is so difficult of fusion, as to undergo the great- 
est heat of a smith's forge without the "least change. None 
of the acids act on it, e.xcept the nitro-muriatic, the solvent of 
gold. » 

Platinum is purified and obtained in a malleable state by 
dissolving the grains in 8 times their weight of aqua regia, 
assisted by heal. The acid only dissolves the platinum, leaving 
the iridium and osmium, the metals with which it is alloyed, in 
the form of a precipitate at the bottom of the vessel. The acid 
solution is then e\'aporated. and the metal precipitated by mu- 
riate of ammonia. The precipitate thus obtained, is healed 
in a crucible, lined with a mixture of clay and charcoal, to 
the utmost degree thai can be attained in a blast furnace, 
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when the unmonia uid acid are driven off, and the fused 
Ketal falls to the bottom of the crucible. It is aftetwards 
•everal times heated, and hammered, when it becomes both 
doctile and malleable. In small quantities, this metal may 
be fused by the Compound blowpipe. 

Platinum combines with many of the other metals by fu- 
sion, and&rms alloys which possess rarious properties, some 
of which are useful. 

Copper, when alloyed with from one siith to one twenty- 
fifth pan of platina, becomes of a golden color, is much less 
readily oxidated than before, and receives a fine polish. 

iWilh iron, platina is said to form a compound highly es- 
teconedby the Spaniards, for the purpose of making gun bar- 
rels, which are stronger, and less apt lo rust, than iton alone. 

From its infusibility, and the mfficulty with which it is 
oxidated, this metal is highly useful in the arts, and particu- 
larly for making various chemical and philosophical instru- 

Betorts of platina are now employed instead of lead, for 
the distillation of sulphuric acid. Being acted on neither by 
heat, nor any single acid, such vessels will probably last even 
for centuries without repair. Their expense would, however, 
often be an objection to their use. In Mr. Tennanl's great 
works for the manubcture of bleaching salt, at Glasgow, it 
is said there are nine platina retorts, which cost about 2,500 
dollars each, 

Platina is the slowest, or most imperfect conductor of heat, 
among the metals, and from this quality, together with that 
of sustaining a high degree of heat without oxidation, it may 
be employed to construct the wpklogistic or fiameless lamp. 

■This curious lamp retains a coil of platina wire constant- 
ly at a white heat, without either flame or smoke. It may be 
constructed in the following manner: 

The platina wire to be used for this purpose is about the 
thickness of card, or brass wire. No, 26. If larger, the heat 
is carried off too feat, and the ignition ceases, and if much 
finer, it does not retain sufficient heat to keep up the evapo- 
ratimi of the alcohol, by the combustion of which, the heat 
of the wire is maintained. 
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Soch a piece of wire, aix or eight incha long, a piece «f 
gbus tube, and a low vial, are the chief materials for tne am- 
■truction of this lamp. 

Fig. 62. I^e coil A, Fig. 62, is made 

h^ wioding the wire round a 
piece of wood cut of the pro- 
pr size and shape. The size 
18 determined by that of the 
aperture of the tube, allowing 
for the diameter of the wire.' 
Its shape is a little conical, or 
tapering upwards. In winding 
[he coil, it is best that the (uma 
of the wire should come in con- 
tact, and afterwards be gently 
ertended, so as to comeasnear- 
ly as possible to each other with 
out touching. The diameter 
of the coil may be one fourth, 
or one sixth of an inch, and 
its length half an inch, containing twenty or thirty turns of 
the wire. 

B is a glass tube three or four inches long, containing the 
cotton wick by which the alcohol is carried up to Uie wire. 
The wick passes about half way through the coil. 

C is the body of the lamp which contains the alcohol. It 
is a low vial, or glass inkstand, capable of holding two or 
three ounces. The glass lube passes through a cork, and 
dips into the duld. Dis a small tube through which ihe al- 
cohol is poured. This must he slopped to prevent eraponi- 

When (he lamp is thus prepared and filled with alcohol, 
the fluid is set on fire by holding the plalina \vire in the 
flame of a candle, and after a few minutes, or when the coil 
becomes red hoi. the flame is blown out, and if every thing ia 
properly adjusted, the wire will remain red hot as long as the 
vial contains alcohol. 

The following appear to be the causes of the permanent 
ignition of the wire Alcohol, when in the state of vapor, 
combines with oxygen with fccility. The temperature of the 
wire is raised by the flame of the candle to about 1000 de- 
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gwc a, tbe point at whkti alcohol combines with oxygen, or m 
combastibfe. When (his is once eflected, the caloric extrica- 
ted by the combuatiDn of the alcohol is sufficient to keep the 
coil' at a red heat, which again is the temperature at which 
alcohol is combustible, so that one portion of alcohol, by the 
absorption of oiygen, and the consequent evolution of heat, 
prepares the wire to effect the combustion of another portion, 
ana as the alcohol rises in a constant stream of vapor, so the 
ignition is constant. ^ 

(^In cases where a light might be suddenly ivanted, this 
lajnp is highly convenient, for by touching a match to the 
coil, and then to the wick of a candle, a light is immediately 
obtained. 

Platinum combines with oxygen in two proportions, form- 
mg the 

Plulnnni. Oijgtn. 

and 8, 



PALLADIVH. — RHODIUM. IRIDIUM AND OSIMUM. 

These four metals were found, by Dr. Wollaston and Mr 
Tennant, among the grains of plalina brought from South 
AjnericB.' 

Palladmm. This metal resembles platina in color, but is 
not quite so brilliant. It is malleable and ductile, and its spe- 
ciiic gravity is about 11.5, Its fusing point is between those 
of gold and platinum. It is soluble in the sulphuric, nitric, 
or muriatic acids. Neither the metal nor iis oxides have 
been applied lo any use. Its atomic weight, or combining 
number, is 56. 

Rhadmni. This metal is hard, briltle, and its specific gra- 
vity is about 1 1. It is not acted on by any of the acids, 
not even the nitromuriatic, except when alloyed by other 
metals. It requires (he strongest heat of a wind furnace foi 
its iiision, and when pure is of a white color, and brilliant 
lustre. Its solution in nitromuriatic acid la of a rose red 
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eolor, and hence the name rliodiu«t,..bt>m a Gredc woid lag, 
xiiying a rose. 

The atomic weight, ot combining numberof rhodium, is 44> 
Indinm and Osmium. ' When platina ia dissolved in oqus 
Tegia, there remains a black heavy powder, at the boUom of 
the vessel, which consists of a mixture of iridium and oami- 
lun. Iridium has been fused, only by the heat of sn intr 
menae galvanic battery. ' The mem is white, and of a spe- 
cific gravity next lo tnat of platinum, being 18.5. It ia ais- 
solved with great diihculty in any of the acids; has been 
obtained only in small quantities, and is of no use, 

Ojfnivm is of a dark gray or blue color, and capable of 
supporting a white heat, without being volatilized, or fiised-j 
The oside of this metal is precipitated in its metallic Btate 
by copper and several of the other metals, and the precipitate 
being agitated with mercury, an amalgam is formed, which 
being heated, the mercury is driven ofil and the osmium in a 

Eure state remains. In this manner is the metal obtained. 
: is of no use, and has been procured only in small qunn- 
liliea. 

CLASS II. 

Metals, ihe oxides of which are not reducible to the me- 
tallic state by heat alone. 

Order I. Metals which decompose water at common tem- 
peratures. These are, 

Potassium, Lithium, Strontium, 

Sodium, Batium, Calcium. 

These melalsi attract oxygen with the most intense degree 
of force. They absorb it from the atmosphere, and even 
decompose water, by combining with its oxygen, at common 
temperatures. Such is the force by which they hold thia 
principle, that their oxides had resisted all attemptis to decom- 
pose them, until the discovery of galvanism placed in the 
hands of men a more powerful decomposing agent than was 
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befon known. CBy means of the most inteme electrical n- 
polrion^tbeaUkalieB, before considered as atinple bodies, were 
diowB to be the oxides of metala. After the aecret of their 
Mim^itioa was known, chemieta devised other and lese ez- 
peimre means of effecting their decompositions, so that at (he . 
preeent time, sodium snd potassium, at first the most expen- 
aire of all substances, are within the meaiks of any ona 

POT AS Sinn — 49 

(If 8 small piece of pure potash, slightly moistened, be put 
oetween two plates of platinum connected with the poles of 
a galvanic battery of 200 double plates, the alkali will soon 
be fused and decomposed. Oxygen will separate at the posi- 
live pole, and small metallic globules, like quicksilver, will 
appear at (he negative pale. I In this manner. Sir H. Davy 
lirst determined the composition of potash, and separated its 
elements. Potash, therefore, is a compound consisting of a 
metal called potassium, united to oxygen. 

By this process the metal can be obtained only in minute 
<)iuintities ; but chemists, now undeistandtng that to oblain 
potassium in any quantity, only required (hot the oxygen 
should be separated from the potash, soon found more ready 
means of performing the experiment. The foUowing is the 
method first employed by Thenard ; 

A clean and perfectly sound gun-barrel is provided, and 
bent in the manner shown in Fig. 63, and covered with an 
infiisible lute between the letters O and E, Fig. 1. The in- 
terior of the luted part is filled with clean iron turnings, and 
pieces of fused potash are placed loosely in the part between 
E and 0. 

Wbu la Uis pToctai tor which SirH. DHVy dMompiwdpoiailil 
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A, A, ia a copper tube and small receiver, adapted to the 
eitremity of the barrel O, and to each other, by grinding. 
This apparatus is then transferred to a furnace, arranged as 
shown by Fig. 2. At each end of the barrel are the glass 
tubes X and T, dipped into cups of mercury, so as to let the 
air from' the barrel escape, as it is rareiiea by the heat, and 
at the same lime prevent its return. The fiimace is supplied 
with air by a double bellows entering at B, and a small wire 
basket, Q, is suspended in the space between E, and C The 
part of the barrel in the furnace is now raised to a white heat. 
"id the escape of air by the tube X, shows that all is tight, 
^me burning charcoal is now placed in the end E, of the 
basket, which causes a portion of the potash to liquefy and 
fall ioto the lower part of the gun-barrel, among the iron 
turnings. Hydrogen gas instantly escapes at the tube X. in 
consequence of ihe decomposition of the water contained in 
the potash, by the healed iron. The copper tubes, A. A, 
must now be kept cool by wet cloths. When the evolution 
of gas ceases, fresh cbarcoal is placed under the potash, and 
so on till the whole has passed down. If too much potash 
be allowed to fell down at once, the eitrication of hydrogen 
at X will be violent, and should be avoided. If the spaco 
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between A and O, shonld become stopped by potassium, the 
gas will issue at the tube T, and then some buramg charcoal 
must be placed between A and O, which will lemove the 
obstruction. 

When all the potash has been fused and made to pass 
among the iron turnings, the process is finished, and Uien 
the tubes X and T, must be removed, and the ends of the 
barrel instantly stopped with corks until the apparatus has 
cooled. The barrel is then carefully removed, and a little 
naphtha suflered to run through it, by which the potassium is 
coated and thus preserved from the contact of air, while pour- 
ing out of the barrel. The potassium is found in globules 
in the tube and receiver. A,' A. , 

The success of this process is certain,' if the heat is suffi- 
cient! but (he barrel, if not carefully covered with lute, is apt 
to melt, when most, if not all, the potassium will be lost. 

(In this process, the decomposition of the. potash is effected 
by the iron turnings, which at a high heat have so strong ai 
n, as to absorb it from the potass' 
s with the oxygen, the polassiui 
in its pure state. 

Potasaiunt is solid at ordinary temperatures, but becomes 
fluid at 15U°, and then appears Uke mercury. Itis perfectly 

rque, and a good conductor of electricity and caloric. At 
temperature of 50°, it is soft tike wax, and yields to the 
pressure of the fingers. In this stale it resembles an amal- 
gam of mercury and tin. Its specific gravity is. 0.866, water 
being 1.000. 

The most prominent chemical property of this metal is its 
extreme avidity for oxygen. When exposed to the air, it 
oxidizes rapidly, and when thrown on water it decomposes 
that fluid, by absorbing its oxygen with such rapidity as to 
aei itself on fire, and bums with a white flame, and great evo- 
lution of heat, while swimming on its surtace. 
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X30 POTUBIVH AND DXXaill. 

POTABSIDM AND OXTGEM. 

Protoxide of Polassiwn — 48. 

1 p. Potassiiun 40-|-l p. Oxygen 8. 

Potash. 

Potassium combines with oxy?en in two propontions, form 
ing the protoxide, and peroxide of potassium. The first, which 
IS common potash, is formed whenever potassium is put into 
water, or exposed to dry air, or oxygen gns. 

The proportion of oiygen which this metal absorbs, to 
convert it into potash, is readily ascertained by (he volume 
of hydrogen liberated when it acts on water. For, when 
potassium is plunged at once under that fluid, it is oxidized 
without the evolution of light or heat, and it is found thai 
each grain of the metal so placed, separates 106 cubic inches 
of hydrogen gas. Now, by knowing previously what are the 
relative volumes and weight of hydrogen and oxygen com- 
posing water, it is easy to calculate the exact quantity of oxy- 
gen absorbed, by the above data. 

Thus, Sir H. Davy found that 40 grains of this metal de- 
composes precisely 9 grains of water. Now as 9 grains of 
water is composed of I grain of hydrogen, and S oxygen, so 
40 parts of potassium combines with 8 parts of oxygen, to 
form oxide of potassium, or potash. Potash is therefore com' 
posed of 

Potassium 40 or one atom. 
Oxygen 8 or one atom. 

43 combining number for potash. 
When potsssitun is allowed to absorb oxygen in the op^i 
air, 01 when plunged under water, it combines with onlylpne 

K:>portian of oxygen; as above stated. But when this metal 
ma in the open air, or in oxygen gas, it is converted into 
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aa orai^ colored substance, whicK is the.' peroxide of potas- 
sium, j This is composed of 

Potassium 40 or one atom. 
Oxygen 24 or three atoms. 

The potash of commerce is obtained from the ley of wood 
ashes, boiled down in pots, and hence the name potash. It 
is chiefly used in the manufacture of soap and glass. For 
the former purpose, the ley itself is often employed, and is . 
better than ine solid potash, dissolved in water, since the pot- 
ish •aoa absorbs carbonic acid, and then its quality for soap 
makins^ is in a great meagre destroyed. From this circum- 
stance It is, that soap makers mix with their ley a quantity of 
newly burned quicklime, which fenders the solution of potash 
caustic, by absorbing irom it the carbonic acid, with which it 
has combined. 1 

'Poft soap^nly can be made iiom potash, while hard soap 
is made from soda. , 

Common green glass is ihade by fusing sand and wood 
ashes together, by means of an intense heat, produced by the 
combustion of dried wood, in a blast furnace. Flint glass, 
which is perfectly white and transparent, is made by lusing 
together a quantity of potash and white sand, or ground 
quartz, to which are added a proportion of lead, and a little 
manganese. 

Salt of larlar, salt of wormwood, pearl-ash, and carbonate 
of potash, are only different names for the same article, some 
of which are more pure than others. 

■ soDim — 24, 

(By the same process which showed potash to be a com- 
pound body, soda was also found to be of the same natura 



Ahhough first procured by means of galvanism, it may be 
obtained by precisely the same method as that described for 
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SSSt SOSIDM AND OXYGEN. 

Ae production of potassium, only placing soda in tbo gua 
barrel, instead of potaah. 

Sodium has a strong metallic lustre, similar to that of sil- 
ver. It is a little less fusible than potassium, not becoming 
perfectly fluid until it has acquired the temperature of nearly 
200°. Its specific graviur is somewhat greater than that of 
potassium, beingO.972. When thrown on water it pioduces 
a violeot etiervescence, but does not inflame like potassium/ 
The water is decomposed by its. action, hydrogen escapes, 
and there remains a solution of soda in the water. Like po 
lassium, it must be preserved in a vial covered by iiaphtka, a 
substance which contains no oxygen. 

' SODIUM AND OXVGEN. 

Protoxide of Sodium — 32. 
i p. Sodn2'(4-l p. t" 



When the metallic base of soda is burned in dry atmos- 
pheric air, protoxide of sodium, or soda, is formed. The 
same compound is formed when sodium is thrown into water, 
and the composition may therefore be determined in the man- 
ner already described for potassium. From such an experi- 
ment it has been found that soda is composed of 



Oxygen 1 do. 

32 equivalent of soda. 

The peroxide of soda is composed of the same equivalent 
of sodium, with two equivalents of oxygen. Sodium 24, oxy- 
gen 16 — 40. 

Soda ia readily distinguished from other alkalies by the 
following characters. With muriatic acid it forms the com- 
mon table salt, with the taste of which, every one is familiar. 
With sulphuric acid it forms Glauber's aak, or sulphate of 
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•mIb. All the salta of soda are soluble in water, and are not 
precipitated by any other substances, 

SODIUH AND CHLOKINE. 

Chloride of Sodi«m—60. 
I p. Sodium 24+1 p. Chlorine 36. 

■Common Salt.. 

^hen sodium is exposed to dilorine, or is heated in muri- 
atic acid gas, the salt is Ibrmed, lately known under the 
name of muriate of soda, or common salt. This is an abun- 
dant product of nalure, and exiais, ready formed, in Spain, 
England, Poland, and other countries, m large quantities. 
In these countries it is dug out of the earth, and is known 
by the name of rock salt. Sea water and certain spring 
also contain this salt in solution. 

When common salt is dissolved in n-ater, and the solution 
is evaporated rapidly, it crystallizes in the form of hollow 
four-sided pyramids ; but if allowed to evaporate spontaneous- 
ly, it occurs in regular cubes. Thus, the crystals show in 
what manner the salt has been manufactured. In England, 
vast quantities of sail are annually raised from the mines, 
chiefly of Cheshire, and purified for sale. The impurities 
consist chiefly of clay and oxide of iron, besides which, it 
contains rarious proportions of sulphate of magnesia, or Ep- 
som sah, sulphate of lime, and muriate of lime. It ispurifled 
by being dissolved in sea-water, and subsequo.'tly evaporated. 
Formerly, all the English salt was' ei'aporateu by artificial 
heal, the brine being boiled until it was ready to shoot into 
crystals. Its crystals were, therefore, altvays in the form of 
hollow pyramids. But it has been supposed, by victuallers 
and others, that this salt is far less efficacious, as a preserver 
of animal food, than ihal prepared by the spontaneous evapo- 
ration of aea-water in hot climates. Hence, salt from the West 
Indies, which is crystallized in solid cubes, has been preferred 
for curing provisions for long voyages, or 
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In thifl country, although immense quantitiee of cdmmonnk 
aie manufactured, by the evaporation of watei (Tom sab 
springs and from (he sea, and a sufficient supply for our con- 
sumption might be made, yet we annually import large quan- 
tities from the West Indies, there having been, until lately, an 
opinion that no other kind of salt would preserve aninml sub- 
stances through the hot season. 

Dr. Henry, lor the purpose of ascertaining the difference 
between English salt, crystallized by heat, and that from the 
West indies, crystallized by spontaneous evaporation, ana- 
lyzed many specimens of each. The result showed the pre- 
sence of sulphate of magnesia and sulphate of lime in both, but 
the difference in the quantity of muriate of soda, in several 
specimens of each kind, was so trifiing, as to make no possi- 
ble difference in respect to (heir preserving qualities. It is 
presumed, therefore, that the prqudjces in favor of foreign, 
salt- ought to be discarded aa imaginary, and that equal 
weights of fine or coarse salt, whether made by artificial or 
spontaneous evaporation, are equally efficacious for all pur- 
poses. 

Common salt contains no water of crystallization, but de- 
cripitalea remarkably when healed, owing to the conversion 
of the water into steam, which is mechanically confined with- 
in its crystals. Its sohibility is not, like most other salts, in- 
creased by heat, and it requires two and a' half times its 
weight of water for solution, whether hot or cold, 

LITHIUM— 18. 

Lithia is an alkaline substance, discovered by M. Arfwed- 
son, a 3\vedish chemist, in 1818. Ii exists in the minerals 
called apodumene, and lepidolite, and also in some varieties oJ 
mica. 

This alkali is distinguished from potash and soda^ by its 
power of neutralizing larger quantities of the different acids, 
and by its action on platinum, when melted on that metal. 

In respect to its metallic base, called lithium, Sir H. Davy 
succeeded, by means of galvanism, in obtaining a white metal 
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from Uthia, similar in appearance to >odJiim, but it vras oxi- 
dized so rapidiv, and reconverted into the alkali, that it could 
not be collected. 

From the experiments of several chemists on the sulphate 
of lithia, it is inferred that the alkali, lithia, ia composed of 
the metal lithium 10, combined with oxygen 8, making the 
combining number for lithia 18. 

Lithia has been procured only in very small quantities, 
and has never been applied to any useful purpose. 
BARIUM — 70. 

There is a substance, called sulphate of baryies, which is 
found abundantly in nature. By the decoci position of this 
substance, an alkaline earth is obtained, called baryta or ba- 
rytes. /When ba^es, in the form of paste mixed with water, 
is exposed, in contact with mercury, to the action of a power- 
ful galvanic battery, its decomposition is effected, and the 
metal barium, its base, amalgamates with the mercury. The 
amalgam being exposed to heat, the mercury is driven o% 
and pure barium remains. 

The metal thus obtained, is of a dark gray color, with a 
lustre inferior to cast iron, it fuses at a heat below redness, 
and at a red heat is converted into vapor, which acts violently 
upon glass. The specific gravity of barium is four or five 
times that of water. /When exposed to the air, it &l!a into 
a white powder, which is found to he an oxide of barium, or 
barytes. i When heated in oxygen, it burns with a deep red 
light, and when thrown into water, the fluid is decomposed, 
hydrogen being extricated. 

B&RIVM AND OXYOEN. 

protoxide of Banum — 78. 
1 p. Barium 70+1 p. Oxygen 8. 

When the metal barium, is exposed to the air, it falls into 
a powder, which was formerly caUed pure barytes, or baryta, 
but which Sir H. Dsvy has proved by the above stated ex- 
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periment, to consist of a metal and oxy^n^ This substancft 
u therefore called oxide of barium. 

Oxide of barium may also be obtained by a different pio- 
cess from that above described, viz. by exposing the carbon- 
ate of baryta to an intense heat, mixed witli charcoal. 

The carbonate of baryles is found naiive in small quantities, 
but may be obtained from the sulphate of barytes by a simple 
{iroceBS. Mix sulphate of barytes in fine powder, with three 
times ita weight of carbonate of potash, (pearlash), and a pro- 
per quantity of water. Let the mixture boil for an hour, now 
and then breaking the lumps into which it is apt to run, with 
a pestle. By this ineans the two salts will decompose each 
other, and (here will be formed carbonate of barytes, and sul- 

Ehale of potash. The carbonate may now be exposed to a 
igh heat, or it may be dissolved in nitric acid, and this de- 
composed, yhich is effected bv a moderate heat, when prot- 
oxide of barium, or barjrtes, will be obtained. This substance 
is of a white color, has a sharp caustic (aate; changes vege- 
table blue colors to green ; neutralizes acids, with which it 
forms salts, and is a strong poison. When water is thrown 
on il, it falls into iine powder, like quicklime, but with a 
greater evolution of heat. 
Barytes is composed of 

1 equivalent, or atom of barium, 70 
1 do. of oxygen, 8 

The equivaleut combining number lor barytes, 78 
Barytes is soluble in about twenty parts of waters at com- 
mon temperatures, and this solution forms a delicate test for 
the presence of carbonic acid. The carbonate of barytes 
being insoluble in water, a white cloud is instantly formea by 
the union. 

sTRONTim— 44. 

The .sulphate and carbonate of slrontian, or strontia, are 

native salts. They consist of pure strontian, combined with 

sulphuric and carbonic acids. From the sulphate, the <xj- 
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bonateinay be procured by precisely the same means as al- 
reaay aescribed for barytes, and the pure oxide may also be 
obtamcd, and the metal strontium separated from it, by the 
same process as that described for barytes. 

Stronlia .resembles baryta in most respects. It slakes in 
water, causing; an intense heat, and possesses distinct alkaline 
properties. 

The metal strontium is similar to barium in appearance; 
and when exposed to the air quickly attracts oxygen, and is 
converted into slrontia. Perhaps the princijial difference be- 
tween these two substances, which has been detected, is iheir 
different combining proportions with oxygen, and the inertnew 
of the oxide of strontium on animals. 

The protoxide of strontium connsists of 
Strontium, I equivalent 44 
Oxygen, 1 do, 8 

52 

(I'iie oxides of barium, as already stated, are strong poi- 
sons, but those of strontium are inert. 

CALCIDH — 20^ 

When carbonate of lime, or white marble, is exposed to a' 
..ed heat, the carbonic acid is expelled, and there remains a 
white caustic substance, well knonn under the name of ^utei- 
/ime. When this substance is expose*to the action of galva- 
nism, in the same manner as already described for the decom- 
position of barytes, calcium, the metallic base of lime, is sepa- 
rated. This metal is of a whiter color than barium, and has 
a lustre like silver. When exposed to the air, it absorbs oxy- 
gen, and is converted into quicklime, and when thrown into 
water, the fluid is decomposed, its oxygen being absorbed, 
while hydrogen is given oS, and a solution of lime remains. . 
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CALCItTM AND OXTOEH. 

Oxide of Calekm — 28. 

1 p. Calcium 20-f-I p. Oxygen 8. 

Quieklme. 

From the quantity of hydrogen ovolTed by the action of 
calcium on water, it has been determined that lime is com 
posed of 

Calcium, 1 equivalent 20 

Oxygen, 1 do. 8 

Making the equivaleni foi lime, 28 

Carhonale of lime exists in great abundance as a natural 
product, under the names of limestone, marble, and e&alk. 
duicklime, the pure earth, is obtained by exposing ihe car- 
bonate to heat, and ia a substance of great importance in the 
arts, and particularly in building. Mortar is composed of (his 
substance combined with water, and mixed with a proportion 
of sand. 

Quicklime absorbs water with remarkable avidity, and at 
the same time a high degree of heat is produced. This pro- 
cess ia called slaking, and the heat is caused by the conden- 
sation of the water inti a solid state, in consequence of which 
caloric is evolved. The lime will remain perfectly dry after 
having absorbed one third of its weight of water, which there- 
fore forms a part of the slaked lime, or hydrate of lime. 

Hydrate of lime is composed of 

28 parts or 1 proportion of lime 
9 parts, or 1 do. of water 

37 is therefore its combining number. 
Lime is very sparingly soluble in water, and it is a singular 
fiict, that it is more soluble in cold, than in hot water. Thus, 
Mr. E)alton found that one grain of lime, at the temperature 
of 212° required 1270 grains of water for its solution, while 
at the temperature of 60°, the same quantity was dissolved in 
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r?8 mini of vnter. By other esperiments, it fau been 
fimacTthat water, at the tteeziog point, will take up jiut twic« 
the quantity t^lime that it wilt at the boiling point Conse- 
quently, ou hecUing lime water, which has been prepared in 
the cold, a deposition of the lime will enaue. Lime water, 
therefore, when used for medicinal purpoaea, should be pt» 
pared in cold, instead of hot water, aa commonly directed, 
and should also be kept la a cool place. It should likewise 
be closely stopped from the air, for, as the lime has a strong 
attraction for carbonic acid, of which the atmosphere always 
contains a small porlioD, if left open, it is soon converted into 
carbonate of lime, as shown by the production of a thin pelli- 
cle on its surface. 

Lime water is a delicate test for the presence of carbonic 
acid, with which it forms a while insoluble compound, the 
cnrbonale of lime. The air from the lungs contains a small 
quantity of carbonic acid, and hence, on blowing into a reesel 
of clear lime water, it instantly becomes cloudy, or turl»d. 

LING AND CHLORINX. 

Chloride of Lime-~92. 

%f. Lime 56+1 p. Chlorine 36. 

Oxymuriate of Lime. BUacking Pawdtr. 

1%.% gas called chlorine, as already shown, possesses strong 
bleaching or whitening powers ^ but as it would be incon- 
veaient to manufacture this ms at every place where it is 
wanted, and as its application is more convenient when com- 
bined with some other substance, it is found that in practice) 
these purposes are beat answered by first combining it with 
lime. The maaufaciute of bleaching powder is a Dusineas 
of great importance, and is carried on in large establish- 
ments prepared for the purpose. 

The retorts, in which the gas is extricated, are made of lead 
or platina. If of lead, they must be of new metal and cast, 
for the gas acts on tin, a part of the composition of solder, 
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uul aiflce old l««d generally contains a portion of thia metal, 
owingto itB having formeily been soldered, it is soon destroy- 
ed. ' Tb^e retorts are placed in iron reesels of water, to 
which the heat is applied In large manufnctories, each re- 
tort is capable of containing 10 cwt. of common sdt, ^^round 
with from 10 to 14 cwt. of black oxide of manganese, in pro- 

Crlion as the laElei contains more or less oxygen. This 
in^ introduced, there is added from IG to 18 cwt. of sul- 
phuric acid, of the specific gravity of 1650. The lime, recently 
slaked, is contained in Iraj-s, or shallow lioxes of wood, placed 
in a large chamber,; built of granitt;, oi siliceous Wiastone, 
Of lined on the inside with lead.] This chamber has two 
windows of glass oppoaiie to each other, throitgh which the 
workmen are enabled to see how the process goes on, "Every 

Earl of this chamber is made air tight, the door being secured 
y fot lute, and strips of cloth.) 

In order to get rid of the remaining gas, after the absorp- 
tion of the lime is completed, there are three trap doors, one 
in the rooC and (wo in the floor or sides of the chamber. 
These are opened by means of ropes and puUies, so that the 
workmen may avoid the vapor that passes out. 

The lime being placed in the bones, the gas is let in to the 
chamber from the retorts, under which a fire is aftemards 
kindled, in order la hasten the process, and obtain more 
chlorine. The gas, being heavier than air, is let in at the 
upper part of the room, and gradually descends, while the 
air in part mixes with it, and in part rises above it. 

The lime absorbs the chlorine with great avidity, its con- 
densation causing the evolution of a larg^qiiantity of caloric; 
the latter circumstance is, however, to be avoided, as loo high 
a heat partly decomposes the chloride of lime, by eipellin^ 
the oxygen, and thus forming a chloride of calcium instead 
of a chloride of lime. The gas is, therefore, admitted slowly, 
in order to avoid this consequence. 

The process continues four days, before the absorption is 
considered sufficient to make the best bleaching powder, for 
its quality depends entirely on the quantity of chlorine which 
the lime contains* 
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In some manufactories, the lime is stirred- by means (^ 
rakes, with, long handles passing through the sides of the 
roomj the passages being made close, by means of milk <rf 
lime, or lime moisiened, so' as to be about the consistence of 
cream, and contained in boxes through which the handle 
passes. In others, the traps abore described, are opened at 
the end of two days from the beginning of tbe process, and 
when the gas has subsided, the workmen enter and rake 
over the lime, so as to present a new surface to the action of 
the gas. The doors and traps are then closed, and the gas 
admitted for two days more, al the end of which time the 
process is finished, and the doors are again opened, and the 
chloride of time removed, and put into close casks for use. 

In general, according to Mr. Gray, _ a ton and a half of 
good bleaching powder is considered the average product of 
each Ion of the salt employed. ' 

It is said Ihal the principal difficulty in the manufacture of 
this article, is the production of chloride of calcium, by de- 
composition, instead of the chloride of lime. To understand 
the cause of this difficulty, it must be remembered, that cal- 
cium and chlorine have a stronger affinity for each other than 
calcium and oxygen. Lime is composed of calcium and 
oxygen ; and chJoride of lime is therefore composed of oxy- 
gen, calcium, and chlorine. 1 Now these three elements being 
present, there is formed a chloride of calcium, in consequence 
of the cause just stated ; and in proportion as this is formed, 
the bleaching property of the salt is destroyed, thiaproperty 
being possessed only by the chloride of lime. The same 
effect is produced when the temperature is raised loo high 
during the manufacture of this compound, for then the oxy- 
gen of the lime or base is expelled, and the calcium and 
chlorine form rhlorideof calcium. The only mode of avoid- 
ing this difficulty, appears to consist in admitting (he chlorine 
slowly, as already slated. 

This salt is also subject to decomposition from oth^r causes. 
When mixed with water, and exposed to the action of the 
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MbOKunbere/ carbonic acid unites with the time, whilB th* 
cMonne is expelled, and thug a carbonate instead o( a chlo- 
ride remains, or hy decomposition of the nvater, a muriate of 
lime is formed, which is also without bleaching properties. 

As the pwdness of bleaching powder ^epends entirely on 
the quantity of chlorine it contaiDSt it is a matter of great 
eonseqaence to the purchaser to ascertain its quality in this 
z««pect, by actual experiment. According to the experiments 
of Dr. Ure, lime, under a slight presanre, is capable of con- 
densing-' nearly its own weight of chlorine) but according to 
the same author, the bleaching powder of commerce always 
contains a eonnderaUe proportion of the muriate of lime, 
while the chlorrde itaelf often does not contain more than one 
half or one third the quantity of chlorine which the lime is 
capable of absorbing. Hence the consumers of this article 
are often cheated out of one haK or two thirds of the price 
they pay for il, besides the delay and vexation incident upon 
the failure of the process in which it is used. Themanubc- 
turen of paper and cotton goods are often sensible of this fact, 
by experience. 

It appears, on experiment, that when bleaching powder is 
kmt for a considerable time, even in properly secured ves- 
aefs, such as glass bottles well corked, that it still slowly un- 
dergoes the same change, which is immediate'y effected by 
heat, as described above. This seems to be in consequence 
of the superior affinity of chlorine for the calcium, or the 
metallic baaia of the lime, by which the oxypn is slowly 
disengaged, and a chloride of calciuRi, or muriate of lime, is 
fonned, and thus the bleaching power is in process of time 
entirely destroyed. 

The principal expense of manuftcturing chloride of time, 
being that of the chlorine itself and there being no method 
of asc«taining its quantity, except by experiment, the pur- 
chaser generally has to depend chiefly on the honesty of the 
manufacturer, for the goodoess of the article, eren when re- 
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«!nitj nia.de. Bui as there are several causes of de«ompo- 
•ition, evea when it is honestly and carefully made, the buyer 
is Btill liable to be deceived, unless he makes his experiment 
before the purchase. 

Under such circumetances, the English chemists have de- 
vised several simple methods of testing the quality of bleach- 
ing powder, in order that the buyer might judge of its good- 
ness without actual trial at home. 

One of these methods is, to, expose the salt to a sufficient 
degree of heat to expel the oxygen from the lime, and by 
measuring its quantitj', to judge of iho quantity of the chlo- 
ride of lime.i The quantity of oxygen thus expelled, indicates 
the quality of the bleaching powder, so far only as regards 
the quantity of muriate of lime with which it is mixed; for 
as above stated, the base of the chloride contains oiygei^ 
while the muriate contains none. But in addition to the im- 
perfection of thia method in not indicating the actual quan- 
tity of chlorine present, there is much difficulty in ascertain- 
ing the quantity of oxygen by it, since various proportions of 
chlorine might also be disengaged hv the heal, along with 
the oxygen. This method cannot therefore be readily or 
generally employed. 

It has also been proposed, to analyze the powder by nitrate 
of silver. But this lest only indicates the quantity of muriate 
of lime, by forming » ith the muriatic acjd an insoluble chlo- 
ride of silver. This test is therefore useless. 

Several other methods have been tried, and among them, 
that of destroying the color of a certain quantity of indigo 
has been most employed. 

A knoivn quanliiy of indigo being in solution, a certain 
number of grains of the powder is added, and the strength of 
the' latter ascertained by the amount of coloring matter de- 
stroyed, or by the number of grains required to discharge, 
entirely, the color of a certain quantity of indigo, 

Thia method has the advantage of simplicity, but is defec- 
tive in other respects, and particularly so in r^ard to_ the 
difference in the quantity of coloring matter in different kinds 
or specimens of indigo. 

The most accurate method la to decompose the chloride 
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of lime confiood in a gltta tnbe. orer mercury, bjacmvof 
mariatic acid.^ The chloride by this means would only be 
decomposed, and eonverted into the muriate of lime, n^iile 
the muriate already formed, would remain as before. Br 
this process the chlorine of the chloride ia set free, unmixed, 
and Ha quantity readily measured by the tube in which tiie 
experiment i> made. 

There being no standard of the qtuuititjr of chlorine which 
die beet bleaching powder ought to contom, it is hy the com- 

rison of different specimeus only, that the purchaser can 
guided. 

Experiments have long since shown, that chlorine has the 
power of combining with, or in some other manner, >ieulral- 
izing, or destroying, the fetid exhalations arising from putri- 
'fying substances, and of preventitig theii deleterious enecta. 
In cases of infectious disease, therefore, it is highly useful, 
For this purpose, a table spoonful or two of the powder is 
mixed with a pint of water, and placed in the sick room, and 
sprinkled in the rooms adjoining. The fetid effluvia from 
pntrid water, from sink drains, or from any other source, is 
immediately destroyed by the application of a quantity of the 
chloride. 

By placing a idieet, wet with the chloride of lime water, in 
the bottom of the coffin, and afierwards often sprinkling the 
shroud with the same, the bodies of the dead may be pre- 
served without offence for many days in the hottest season. 

Photfhuret of Lime. This compound is formed by passins 
the vapor of phosphorus over fragments of quicklime, at a red 
-heat. The experiment may be performeo in the following 
manner. 

Having procured a tube of green glass about a foot and a 
half long, and half an inch in diameter, stop one end with a 
cork, or other^vise, and place in it a drachm of phosphorus, 
letting it occupy the closed end. Then holding (he lube in 
a horizontal position, push into it with a wire, or rod, pieces 
of lieah burned quicklime about the size of peas, until they 
fill the middle part of the lube, taking care that (he lime does 
not reach the phosphorus by two inches. Then stop the 
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mooth of the tnbe looeely, lo prevent the free access of the 
air, bat leaving room for that in the tube to pass out as it ex- 
pands. 

Next, heat that part of the tube containing the lime red 
hot, by means of a chafing dish of coals, at the same time 
keeping the phosphorus cool by a wet rag passed round the 
end of the tuoe. When the lime is seen to be at a red heal, 
bring a hot iron or lamp under the phosphorus, which will 
Boon be turned into vapor, and passing over the lime, the two 
snbstanc«s combine, and form tne phosphuiet of lime. 

When phosphuret of lime is thrown into water, mutual d»- 
composition ensues, and ihere rises bubbles of phosphuretled 
hydrog^ through the Huid, which take fire on reaching the 
all.) The phosphotus absorbs the oxygen flrom the water, 
thus liberating the hydrogen, which combines with a portion 
of phosphoius, formmg the gas above named. 
, Order 2.— Metals which are supposed to be analogous to 
order 1st, but whose properties are but little known. These 
are, 

Magnesium Ittrium and 

Glucinum Aluminum Zirconium 

' Magnesia, glucina, iltria, alumina, and zirconia, before 
the galvanic experiments of Sir H. Ehivy,>have been known 
under the general name of earlhs, and were considered pure 
elementary substances. When these earths are submitted 
to the action of a powerful galvanic battery, they all give 
more or less evidence that their bases are metals combmed 
with oxygen. Magnesia, for instance, when exposed for a 
long time to the action of a powerful battery, in contact with 
mercury, appears to be decomposed ; for the mercury be- 
comes enlarged in bulk, and losing its fluidity, shows signs 
of having formed an amalgam with the metallic base of the 
magnesia. When this amalgam is heated in a close vessel 
out of contact with the air, ihei mercury is driven off, and 
there remains a dark gray film, of a metallic appearance, 
which, when exposed to the action of oxygen, is converted 
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into a white powdf r, having the projwitiea of mii.^nA<ia. It 
is therefore concluded, that magnesia has a metallic baae, 
though the metal itaelf has never been separated in aaek 
t^uantities as to allow any further examiaalion of its proper- 
ties than those above stated. 

When the earth alumina, which is the base of alum, is 
brought into contact with the vapor of potassium' at a white 
heat, and in a close vessel, the potassium is converted into 
potash. Now, as potassium is converted into potash only by 
the absorption of o.tygen, and as the oxygen could have Doea 
derived from no other source except the alumina, such an ejc- 

Seriment shows that alumina contains oxygen, and therefore 
y analogy, there is reason to suppose that alumina is com- 
posed of the metal aluminum and oxygen. 

The other earths above named, when submitted to similar 
experiments, have each shown that they contained oxygen; 
and as polasb, soda, and lime, are known to be metallic ox- 
ides, that is, to consist of a metal combined with oxygen, it is 
inferred that the earths, possessing similar properties, are 
also composed of a metal united with orygen. It is therefore 
agreed among writers on chemistry, that the bases of iheso 
earths should be arranged as metals, under the names above 
specified; though their existence, with perhaps the exception 
of magnesium, hps never been directly proved. 

In consequence of the discovery, or the inference, that the 
earths possess metallic bases, their names, in conformity with 
the language of chemistry, are changed from words denoting 
simple bodies, to such as denote compounds. Thus, theearin 
formerly called magnesia., is now known under the name of 
oxide of magnesium, and the simple term alumina, is changed 
to oxide of aluviinmn, the same [anguage being adopted with 
respect to all the other earths above named. 

Properties of the Earths. 

Magnesia, or oxide Magnesium. Pure magnesia is well 
known as a medicine, under the name of calcined magnesia. 
This is obtained by exposing the carbonate of magnesia to a 
red heat. It is white, tasteliiss, and inodorous, hut possesses 
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flight Klkaiine propenies, being; capable of changing the bine 
colors of vegetables to green, and of neutralizing the acids, 
with which it forms rarioua saline compounds. One of these, 
the sui[^te of magnesia, or Epsom salt, is a well known 
medicine. 

Magnesia, in a few instances, has been found in the native 
state, but always in small quantities only. That sold by 
apothecaries is obtained from certain springs, as that of Ep- 
som, where it exists, in combination with sulphuric acid, 
forming Epadm salt, which is dissolved in the water. 

Calcinea or pure magnesia, if exposed to the air, absorbs 
carbonic acid, and is converted into a carbonate. Hence, a 
large proportion of (hat used in medicine, and sold for cal* 
cined, is in truth the carbonate, the change being effected by 
carelessness, in exposing the calcined to the air. 

Alumina, or Oxide of Aluminum. The earth alumina is one 
of the most abundant productions of nature, every description 
of clay being an aluminous earth, of a greater or less de- 
gree of 'ynrity. /The clay, of which brichs, pipes, and earthen 
ware are made, consists chieffy of this earth. The ruby and 
the sapphire, two of the hardest and most beautiful of gems, 
are also composed of alumina. Pure alumina, for experi- 
ment, is most easily obtained from alum, which is a sulpoate 
of alumina and potassa. To obtain the earth, dissolve one 
part of alum in six parts of boiling water, and when the so- 
lution is cold, add one part of cartonate of potash. Ey this 
process .the sulphate of alumina is decomposed, in conse- 
quence of the strong affinity existing between the potash and 
sulphuric acid, and two new salts are formed, viz. sulphate of 
potash and carbonate of alumina, the latter being precipitated 
to the bottom of the vessel. This precipitate being washed, 
and then exposed to a red heat, to expel the carbonic acid, is 
pare alumina. 

The substance, thus procured, is while, inodorous, soft to 
the touch, and tasteless. Mixed with water, it forms a mass 
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whicli IS exceedingly plastic, and may be worked into all 
shapes. The tenacity of every kiad of clay is owing to the , 
alumina it contains. 

Alumina, being insoluble in water does ngt afTect the co- 
lors of Tegetablea, It, however, performs the part of an 
alkali in neutralizing the acids, and forming with them saline 
compounds. ' , 

Glucina, oi Oxide of Glucinum, The earth called glucina 
has been discovered but in small quantities, being known to ' 
exist only in the minerals, emerald, beryl; and euclaseT: ,Its 
name comes from a Greek word signifying sweet, because 
some of its combinations are sweet to the taste. In some of 
its properties it resembles alumina, and in others it differs 
from all the other earths. One of its distinctive properties 
is that above mentioned, of forming a compound, when dis' 
solved in sulphuric acid, which is sweet to the laste. 

Iltria. or Oxide of Ittrium. Ittria resembles alumina and 
glucina in moat of its chemical properties, but differs from 
them both, in being insoluble in a solution of pure potash. 
This earth has been found only in a single rare mineral, in 
Sweden. Il forms peculiar salts, when combined with the 
acids, and is thus known to differ from all the other earths. 

Zireoaia, or Oxide of Zirconium. This earth is also ex- 
ceedingly rarcj having been detected only in the zircon, a pre- 
cious stone found in Ceylon, and the hyacinth of France. 
It resembles alumina and the other earths in being a white 
soft powder. Its salts are distinguished by being precipitated 
from their solutions by all the pure alkalies. 

Zirconium, the base of this earth, was separated from il? 
o.xygen, by the Swedish chemist, Berzelitts, in 1824. It wa- 
in the form of a black powder, which took fire in the opei 
air at a temperature far below a red beat, and burned with i 
bright Hame. The product of the combustion was zirconia 
But whether this base is of a metallic nature, has not bees 
decided. It is wanting in one property common to alt metals, 
being a non-conductor of electricity. 

Silica, or Oxide of SUictum. Sir H. Davy's experiments 
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on ailica lead him lo suppose, thai in common with the eartha 
aboTe desc.Tibe^it had a tn^allic base, and it was arranged 
rrith them, in conformity lo ihis opinion. Bui more recently, 
iJcTzelius has succeeded in decomposing this earth, and has 
ffiven an account of the properties of its base. From this we 
feam thai silicium is of n dark brown color without the least 
trace of metallic lustre. That it ie incombustible in the open 
air or in osygen gas, and that it mayeven be exposed lo the 
flame of the bbwpipe without fusion, and without suffering 
the least change. . It is not dissolved by any of the acids, ex- 
cept a mixture of the nitric and fluoric, with which it readily 
enters into solution. It is not a conductor of electricity. 
These properties, and particularly its want of metallic lustre, 
and of power to conduct electricity, prove that the base of 
silica -is not of a metallic nature. 

Silica, orsilex, is a very abundant natural product. It forms 
a large part of al! granitic, or primitive rocks, and moun- 
tains, and is the chief ingredient in sandstones, and earthy 
formations. Rock crystal, or quartz, flint, chalcedony, agate, 
cornelian, and all other substance of this kind, are composed 
almost entirely of siiex. 

Silica maybe obtained in sufficient riurity, for most purpo- 
aes'by heating transparent rocl( crystal to redness and plung- 
ing it into (vater while hot, and then reducing it to powder. 

In this state, silex is a while powder, which feels harsh 
when rubbed b^ween the fingers, and has neither tastenor 
smell. It is exceedingly infusible, but may be melted with 
the compound blowpipe. It resists the action of all the acids. 
except the fluoric, which dissolves it with considerable faci- 
lity. It is dissolved by the fixed alkalies, and hence it would 
appear that Its properties are rather of an acid, than of an al- 
kaliflp nature. On this account several chemists have called 
silica an acid, and the compounds which it forms with the 
alkalies, have been termed silicates. 

From what has been said, the student will infer that there 
ie vet considerable doubt and nncertainly, in respect lo the 
real nature of silica. 

Dr. Thompson, being convinced of its non^netallic nature. 
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140 IIBTALS. 

srraaeea it with the simple boniies carbon and boron. Then 
is no aoubt, bowevei, from the experiments of Davy and Ber- 
zeliuB, of its compound nature; and that it consists of a base 
combined with oxygen, has been proved by direct experiment 
But that its base is not a metal is proved from its want of lus- 
tre, and power to conduct the electric fluid, these two proper- 
ties being essential to all metallic bodtea. 

Silex in the form of sand, is a principal article in the ma- 
Qu&cture of glass. The common dark colored, or green 
glass, is composed of impure sand, which contains oxide ot 
iron, melted with kelp, wood aahea, or impure potashes. 
Crown glass, for windows, is composed of white sano, fused 
mth a purer alkali. Plate glass, for looking glasses; is made 
of still purer materials; and what is known by the name of 
flint glass, of which decanters, and other ornamental or cut 
glassware is made, is composed of the purest sand and al- 
kali, with the addition of a considerable portion of lead, which 
is added in the form of litharge, or red lead. This is the 
softest and heaviest kind of glass. It cuts more easily, and 
withstands the changes of temperature mnch better than glass 
containing no lead. 

Order 3. — Metals which decompose water at a red beaL 
These are, 

Manganese, Iron, and 

Zinc, Tin, Cadmium. 

The power of a metal to decompose water, depends on its 
affinity for oxygen. In some instances, as in those of potas- 
sium and sodium, already given, the metals have so strong 
an affinity for osygva, as to absorb it from water, at common 
temperatures. Otter metals do not decompose this fluid at 
any temperature, such being the 4th order of the present class. 
Those now to be examined, have an affinity for oxygen, which 
they slowly absorb from the atmosphere, and a part of which 
they retain at high degrees of heat. But their attraction for 
oxygen is not in sufficient force to decompose water, except 
when heated to redness, when the combination is eflected , 
with considerable rapidity. 



c 
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■ AKOANESB 28. 

Thia mebtl always occurs in nature in combination with 
oxygen,. and which ii holds with such force as to reqaire the 
most intense heat for its removal. The metal may, however,^ 
be obtained in a pure stale, by exposing the bliick, or per- 
oxide, mixed with a combustible, to the highest heat of a 
smith's forge.') The combuffiible, which may be pitch or 
powdered charcoal, with which the oxide is mixed, is thus 
made to 'absorb the oxygen, and the metal is found at the 
bottom of the' crucible. 

"Manganese is of a dusky white color, with a specific gra- 
vity of 8. When exposed to the air it absorbs oxygen, and 
soon fells into (jowder, which afterwards changes its color 
from gray to brown, and from brown to black, according to 
its grade of oxidation. When this meta! is exposed to a red 
heat, and the steam of water is passed over it, decomposition 
takes place, the oxygen of the water combines with the man- 
ganese, and the hydrogen is disengaged. 



MANGANESE A 

Peroxide of Manganese — 44. 

i p. Manganese 28+2 p. Oxygen 16. 

Black Oxide of Manganese. 

This compound occurs abundantly in nature, and is known 
Dnder the name of blar.k oxide of manganese. It is found in 
amorphous masses, of a dark gray or nearly black color, and 
is commonly mixed with various proportions of sand, oxide 
of iron, caroonate of lime, or other impurities. In its pure 
state, it occurs in the form of prismatic crystals of a dark 
color, and slightly metallic lustre. 

In thia state the metal contains its full proportion of oxygen, 
nnd undergoes uo change on exposure to the air, or to a 
moderate heat. When heated to redness, it parts with one 
proportion of oxygen, and is converted into a deutoxide. In 
this manner oxygen gas may be obtained. The peroxide of 
manganese is of considerable consequence in the arts, and 




Br VtuU pTDMB nUT KHUniC DUD- 

oikis 1 Willi lg Ihs sppurenu and ipeclflc griThr af 
msH dBcompxe water J What to 
Whui p««iidg of nunguiM to 



.Mnz^:B,G00glc 



tiZ hbtaLs, 

particularly in the formation of chlorine foi the mann&cture 
of bleaching powders, and also in furnishing oxygen gas for 
other chemical uses. The methods for obtaining these gases 
have already been described. 

The peroxide of mercury is composed of 

1 proportion of manganese, 28 

2 proportions of oxygen, 16 

44 

There are two other oxides of manganese, viz. the protox- 
ide, and the deutoxide. There is also reason to believe that 
manganese is capable of combining with such proportions of 
oxygen as lo form acids; but the subject has not been suffi- 
ciently investigated to determine the compositien or nature 
of these compounds. 

Manganese combines with the acids.Vnd forms a varieW 
of salts, which are either colorless, or of a reddish or pink 
hue. These sails aro found only in the laboratory of the 
chemist, and are of no use in the arts. At a red beat this 
metal decomposes water. 



This well known metal has a gray color, and a strong 
metallic lustre, which is much improved b5' burnishing. Iron 
is at once the most useful, the most abundant, and the most 
universally diffused of all ihe metals. It is found in tho 
mineral, the vegetable, and the animal kingdoms, and in 
some countries it exists in such quantities as lo form moun- 
tains of considerable size. 

When heated, it becomes soft and malleable, and in this 
state two pieces may be incorporated, or 'welded together, by' 
hammering. Its specific gravity is about 8. It is attracted 
by the magnet, and may itself be made permanently magnetic. 
This property is of vast consequence to the world, being pos- 
sessed by no other metals except nickel, and cobalt, and by 
these ifi a much inferior degree. 

Iron baa a strong affinity for oxygen, and when exposed to 
air and moisture, soon rusts or oxidates on its surface In a 
perfectly dry atmosphere, however, it undergoes little or no 
change, a proof that it absorbs oxygen with more facility 
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METALfl. 243 

from water than from the air. When heated, il altracta oxy- 
gen both from air and water, with great rapidity. When 
the steam of water is passed over iron, at a red heat, the wa- 
ter is decompose^ ils oxygen combining with the metal, 
while the hydrogen is set at liberty. When heated to red- 
ness, in oxygen gaa, it bums with intense brilliancy. Iron ia 
exceedingly ductile, and may be drawn into wire not exceed- 
ing the thousandth part of an inch in diameter ; but it cannot, 
like gold and'silver, be hammered into thin leaves, and there- 
fore is not highly malleable 

The ores of this metal are very numerous, and some of 
them highly beautiful and interesting. They are chiefly aul- 
phurets and oxides, but the oxides are the only ores from 
which the metal is obtained ] 

Iron has, In a few jnstances,(been found in its native stale, 
mixed with lead and copper, or with some earthy substance.) 
^t has also been found in large masses, alloyed with five or 
six other metals, and called meteoric iron, from an opinion that 
these masses fell from the clouds. Native iron is sofl and 
malleable as it occurs, and does not differ from that which 
has been reduced from its ores and purified. 

Cast iron contains variable proportions of carbon and oxy- 
gen, and in (his state it is hard and brittle. These impari- 
ties are detached by (he process of refining, and then the iron 
becomes soft and malleable. 

Steel ia made by heating pure iron with carbon, or char- 
coal,^ by which it is rendered exceedingly hard and brittle. 
This change is produced in consequence of the absorption of 
a portion of carbon by the iron. Steel, therefore, la compo- 
sed of iron and carbon, and its scientific name is carbv/ret of 



Oxide of Iron. 
Rust of Iron. 

Iron combines with oxygen iri two. proportions, forming the 
blue and red oxides of this metal. 
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Protoxide of Iron. The black or protoxide of due mcti 
JB formed by passiog' dry hydrogen over the red oxide, at h 
temperature a little below redness. This oxide is composed 
of 1 equivalent of iron 28, and 1 equivalent of oxygen 8. Ita 
combining number, therefore, is 36. 

The Black Oxide of Iron, which occurs in the form of 
scales, when iron is heated and hammered » the open air, ia 
not a definite ctmipound, but a mixture of the black oxide and 
metallic iron. 

Peroxide of Iron. This is the red oxide, and is known to 
mineralogists as a native compound, under the name of red 
hematite. The same article la known to button makers, and 
other artists, under the name of blood stone, and is employed 
to polish llieir work. The peroxide may be preBfired by art, 
by dissolving iron in nitric acid, then precipMing it with 
ammonia, and healing (he precipitate to a little below red- 
ness, to drive off the acid. Its color and other properties are 
like those of the native red oxide. The peroxide of iron is 
composed of iron 28, and oxj'gen 12. 

The Brown Oxide of Iron is composed of precisely the 
same proportions of the metal and oxygen as the red oxide, 
but in addition to these ingredients, it contains one proportion, 
or 9 parts of water. 

The other oxides of iron are either mixtures of the red and 
blue oxides, or one or both of these oxides containing vari- 
ous impurities. The great number of oxides of this metal, 
described in books of mineralogy, and differing from each 
other in color, hardness, and form, arise from such mixtures 
Thus, the magnetic oxide of iron, or native magnet,(is com- 

on 71, and protoxide 29 to the J0(^ 

n all contain water, and are, therefore, 
called hydrates. The ochres are of this kind. 

Iron combines with carbon, sulphur, iodine, phosphorus, 
and the different acids." Its compounds are, therefore, ex- 
ceedingly various, in respect to form, color, and properties. 
We shall, however, examine only two or three of Uiese com- 
pounds here, the salts being reserved for another place. 

Carburet of Iron. Steel, we have already said, is a car- 
buret of iron. This important metal is manufactured from 
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the iion, by exposing the latter to a long' continued red heat, 
in contact with charcoal. For this purpose, the purest mallea- 
ble iron, in bars, Is employedl and is found to gain in weight, 
one pound in 150," by the process. Steel, therefore, consists 
of iron combined with a 150th part of its weight of car- 
bon, which it absorbs from the fire. When iron ia per- 
fectly enclosed, and heated with a fragment of diamond, it is 
converted into steel, in the- same manner as when healed 
with charcoal. This experiment' shows the identity of car- 
bon and diamoijc, the only difference being the color and 
crystalline form of the latter. It also proves that the hard- 
ness of steel is owing to the particles of diamond which it 

The n^ke carburet of iron, commonly known under tne 
name of ^^k lead, or plumbago, contains 95 parts of car- 
bon and 5 of iron, Thia substance is infusible at the high- 
est heat of a furnace, and hence is employed in making cru- 
cibles and melting pois. It is also used in making black lead 
pencils. 

Sulphitrel of Iron. Thia compound occurs as a' natural 
product, and is known to mineralogists and others, under the 
name of iron pyrites. It is a yellow brittle substance, often 
crystallized in the form of cubes, or octohedrons, with their 
surfaces highly polished. These specimens are generally 
taken for gold, by those who are ignorant of such matters, 
and the places where they are found, are sometimes kept a 
profound secret for years, for^fear the owner of the soil should 
claim a part of the . wealth. Every mineralogist, on pro- 
nouncing such specimens of no value, has occasionally wit- 
nessed the fallen countenance of the applicant, whose hopes 
and expectations he had thus blasted. Sulphuret of iron may 
also be formed by touching a bar of iron, at a glowing red 
heat, with a roll of brimstone. The compound will fall down 
in drops. The natural and artificial sulpnurets are composed 
of precisely the same definite proportions, viz. iron 28, and 
sulphur 16. 
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ZINC — 34. 

Zine, when pure, ia af b bluish white color, and of a stn 
ued fracture, pieiealiD^ the result of a confused crystalliza- 
tion. When rubbed with the fingers it imparts lo them a pe< 
culiar metallic taste acd smell. When cold, thia metal is not 
malleable, bm when heated to between 200" and aOC^, it be- 
comes both malleable and ductile. If its temperalure be raised 
to 400°, it becomes so brittle as to be readily reduced to pow- 
der, in a mortar. 

Zinc melts at 680 degrees, and if this temperature be in- 
creased, it bums with a bluish flame in the open air. When 
melted with copper it forms the alloys well known under the 
name of brtui. ^ 

This metal never occurs in the native, or pur^ate, but is 
always found combined either with sulphur, carbonic acid, or 
oxygen. The sulphuret of this metal, called zinc bleiide, and 
the carbonate, called calamine, are the ores from which zinc 
is obtained- The sulphuret being roasted, (hat is, submitted 
to a low red heat in the open air, to drive ofif (he sul- 
phur, end oxidize the metal, is then melted with charcoal, by 
which the oxygen ia absorbed, and the metal reduced. The 
calamine is nrst roasted to drive offthe carbonic acid, and is 
then distilled in iron retorts, by which means the pure metal 
is obtaised. Tnis latter process ia said to have been learned 
of the Chinese, and that a man was seni from Europe to 
China on purpose to obtain the secret. Pure zinc, when ex- 
posed to a white heat in a close vessel, will, in the same man- 
ner sublime, and again condense, unchanged. v 

ZINC AND OXVSEN. 

Oxide of Zine — 12. 

I p. Zinc 34-f 1 p. Oxygen 8. 

Floteeri of Zine. 

When zinc is exposed to a red heat in the open air, it bums 

with a whi^e flame, and at the same time an oxide of the 

metal is formed, which rising by the heat, &lls around the 
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CADMIUM. 247 

place of combustion in ihe form of white flakes. This sub- 
stance was foiqierly called 'JUmeis of zinc, and sometimes 
p&Uosophieal wool. ; It is an oxide of the metal, and the only 
one known. When this oxide is collected, and again sub- 
mitted totbe file, it does not rise, as before, but melts into a 
clear ^lass. 

(When the vapor of water is brought into contact with 
m^allic zinc at a red heat, the watei is decomposed,' the zinc 
combining; with its oxygen, and foiming an oxide, in the same 
manner as is done in the open air. Both these, oxides are 
composed by weight, of 

1 atom, or equivalent of zinc, 34 
L do. ■ do. oxygen, 8 

Combinin^ni umber for oxide of zinc, 42 

CADMIUM 56, 

Cadmium is one of the new metals, having: been discovered 
in certain ores of zinc, in 1817. This metal in color and 
lustre, resembles tin, but is harder and more tenacious. It is 
both ductile and malleable to a considerable degree. Its spe- 
cific gravity is nearly 8,5. It fuses at a. temperature some- 
what less tHan 500 degrees, and at a little higher heat it rises 
in vapor, and condenses in globules like mercury. 

When cadmium is healed in the open air, like many other 
metals, it absorbs oxygen, and is converted into an oxide. 
It is readily dissolved by the nitric acid. When healed in 
contact with the vapor of water, the fluid is decomposed, and 
an oxide of the metal is formed. 

Cadmium combines, so far as is known, with only one pro- 
portion of oxygen. This oxide is composed of 
Cadmium, 1 equivalent 56 
Oxygen, I do, 8 

64 
Cadminm, like the other metals, forms salts by combina- 
. tion with the acids. But these compounds are little known, 
and of no value. 
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TIN — 59. 

Tin mual be examined in the state of grain, or Hock tin; 
what is commonly called tin, being sheets of iron, merely 
covered with this metal. 

Tin is procured from iis native oxides, by heat and charcoal, 
on the same principle that has already been described for iron 
and several other metals. The ores of tin are only two, viz. 
an oxide, and a sulphuret. This metal is not readily oxidi/ed 
by exposure to the atmosphere, though the brilliancy of its 
surface is soon tarnished. It is highly malleable, but not 
equally ductile, its tenacity not being sufficient to allow ita 
being drawn into fine wire. Its specific gravity is 8. When 
heated to whiteness, it takes fire in the' open dr, and burns 
with a white flame, being at the same lime c<^Kr:ed into an 
oxide ; at a red heat it decomposes water. W 

Tin is a highly useful metal, being employed for many va- 
luable purposes in the arts and conveniences of life. Thin 
sheets of iron, being dipped into melted tin, receive a coat of 
the metal, and are thus prevented from rusting. This is called 
skeet tin, and is the article of which the common tin ware is 
made. Tin foil, that is, tin rolled into thin sheets, is used 
for many purposes. Electrical jars are coaled with it, and 
the backs of looking-glasses are formed of an amalgam ol 
tin foil and mercury. Block tin forms a part of Britannia 
ware, of princes' metal, of pewter, speculum metal, &c, 

TIN AND OXYGEN. 

Tin combines with oxygen in two proportions : The first, 
or the protoxide, is formed when the metal is kept for some 
time in fusion in the open air. At this temperature it absorbs 
oxygen from the atmosphere, and is converted into a gray 
powder. This powder is the protoxide, and is composed of 
1 equivalent, or atom of tin 59 
1 do. do. oxygen 8 

67 
This oxide is soluble in acids and 
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codd, or peroxide of tin, is prepartnl by diasolving the metal 
iu nitiic acid, slightly diluted with wetei. It is a powder of 
a yellow color, and la composed of 

1 equivalent of tin, 59 

2 -do. of oiygen, 16 

75 

This oxide, when melted with glass, forms white enamel 
Tin combines with sulphur, chlorine, and the acids, form- 
ing a variety of compounds, some of which are occasionally 
used in (he arts. 

Order 4.— ^Metals which do not decompose water at any 
temperatuTw I'hese are, 

Arsefiic Uranium Titanium 

Molybdenum Columbium Bismuth 

Chromium Nickel Copper 

Tungsten Cobah Tellurium 

Antimony Cerium Lead 

The last order includes all such metals as attract oxygen 
wi(h sufficient force, when healed to redness, to decompose 
water. The present division absorb and retain oxygen at 
high temperatures, but none of them attract that principle, 
even at the highest temperatures, with sufficient force to de- 
compose water. 

ARSENIC — 38. 

fThere are no mines worked merely for the purpose of ob- 
taining arsenic, the arsenious acid, the only form in which it 
IS used, being procured by the process oi^ roasting the ores 
of cobalt. The ores of the latter metal, being heated in 
furnaces with long chimneys, the acid rises and attaches itself 
to the sides of the chimney, in layers, or cakes. After a 
considerable quantity has been accumulated in this manner, 
il is scraped off, and purified by a second sublimation, when 
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SSO ARBBMC AND 

it (aiics the well known poison, called -white arietae, or oxide 
of arsenic. 

From the white oxide the metallic arsenic is procured, by 
heating this with a combustible. 

In legal investigations, where there is a suspicion of poi- 
soning with arsenic, it sometimes happens that justice will de- 
pend on the decision of the chemist, whether arsenic might 
not have been the cause of death. In such cases, very mi- 
nute portions of arsenic may be detected by means of a com- 
bustible and a glass tube, in the following manner : Let the 
matter suspected lo contain the poison, be well dried at a 
low heal : then mix it with five or six limes its weight ol 
powdered charcoal, and put the mixture into a ihin glass 
tutu, closed at one end. If now heat be gradually applied 
to the tube until it becomes red, the metal, if afsenic be pre- 
sent, will rise and coat its inside, showing a brilliant metallic 
lustre, similar to that of steel. If it is found (hat, on heating 
a small piece of this metal, jt rises In white vapor and gives 
the smell of garlic, it is arsenic beyond doubt. 

The structure of metallic arsenic is crystalline, and its spe- 
cific gravity about 8. When heated to about 360'' it sublimes, 
without fusion, its melting point being far above that at which 
it becomes volatile. If the metal is heated in the open air, 
it is converted into the arsenious acid, and again becomet 
poisonous as before; but, while in the metallic form, arsenic 
lias no action on the system, and, therefore, is not a poison. 



Arsenious Acid — 54. 
1 p. Arsenic 38-|-2 p. Oxygen 16. 

White Arsenic, Oxide of Arsenic. 

We have staled above, thai when metallic arsenic is heated 
in the open air, it is converted into a white substance, 
called oxide of arsenic. This is the arienitms acid of che- 
mists. It differs from the oxides of metals in possessing acid 
properties. It is slightly soluble in water, reddens vegeta- 
ble blue colors, and combines with alkalies, forming salts. 
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called arienitet. The araenite of potoah, ufniallf called 

FmnUr') solution of arsenic, haa been long employed in medi- 
cine as a remedy for eruptive, and other diseases. 



^ND SDLFUVB. 

Sitlpkitrets of Arsenic. 

Sulphur combines with arsenic in two proportions, form- 
ing compounds which ate known by the names of orpimejtt, 
and realger. These compounds are both of them natural 
products, and may also be formed by art. Realger is of a 
red, or scarlet color, with a shining semi-metallic lustre, 
and is composed of 38 parts of metallic arsenic, and 16 parts, 
or one proportion, of sulphur, 

' Orpiment has a rich yellow color, and a foliated structure. 
Its lustre is shining, and somewhat metallic, and it is readily 
separated into layers, like mica. This is composed of 38 
parts, or one atom of metallic arsenic, and 24 parts, or one 
atom and a half of sulphur, 

Orpiment is employed as a paint under the name of King's 
Yellow. 

CHROHICH — 28. 
The metal, chromium, has been detected only in the two 
native compounds, c&Tomate of lead, and ckromate of iron. 
In these two sails, the metal chrome exists in combination 
with so much oxygen as to constitute an acid, which is united 
' '' ' ' " ■ ' ■ g,,,^ forming tJie compounds above 
a above, forms an acid with oxy- 
and we shall see presently that 
several other metals when combined with oxygen perform 
the office of acids. 

Chromium has been procured only in very small quanti- 
ties, by exposing its acid mixed with charcoal, to the highest 
temperature of a smith's forge. It is a brittle metal, of a 
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grayisli white color, and very infueible. Its specific gnvity 
u6. 

Chiomium combines with oxygen in three proportioiis, 
forming the following compounds: 

Chroaw OiJgEO. 

Protoxide, composed of 28 and 8 
Deutozide, do. 28 do. 16 

Chromic acid, do. 28 do. 24 

The OKides of chrome are of no importance in the Bits, 
but the chromic acid forms colored salts with the oxides of 
the metals which are extensively employed in painting and 
coloring. 

The chromic acid may be obtained in a separate state, by 
boiling the native chroroate of lead in powder, with twice 
its weight of carbonate of potash, and afterwards saturating 
the alkali with dilute sulphuric acid. The sulphate of pot- 
ash thus formed, will subside, leaving the chromic acid in 
solution, which on evaporation, will yield crystals of chromic 

These crystals are of a ruby red color, and when dissolved 
in water, possess all the properties of an acid. 

The useful compounds formed by combining chromic acid 
with salifiable bases, are prepared from chromate of potash 
in solution. The latter salt is made by heating to redness 
the native chromate of iron with an equal weight of nitrate 
of potash. By this process, the chromate which was in the 
state of an oxide, is converted into chromic acid, by the 
oxygen of the nitre, the acid at the same time combining with 
the potash of the nitre. The ignited mass is then dissolved 
in water, neutralized by nitric acid, and the solution concen- 
trated by evaporation, when the chromate of potash shoots 
into crystals, of a yellow color. 

The chromate of lead, a beautiful paint, at present largely 
employed under the name of ckrome yellow, is made by mix- 
ing acetate, or sugar of lead, dissolved in a large quantity ' 
of water, with solution of chromate of potash, A double 
decomposition of these two salts is thus effected, and achate 
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SSTALS. S53 

sF^oUish and chromate of lead are fonned. The acetate re- 
mains in solution while the chromale being; insoluble in 
Water, ialls down in form of an oranee colored, or yellow 
powder. This powder being 'separated Irom the liquid, and 
dried, forms the beautiful pigment in question. 

VOLIBDEVIM— 48 

The native sulphuret of molybdenum is a ponderous mine- 
ral, which occurs in masses, or is disseminated in other 
minerals: Its structure is foliated, and its lustre like that of 
lead recently cut. When this compound is reduced to fine 
powder, ana digested in niiro-murialic acid, the sulphur and 
metal are both acidified by the oxygen imparled lo them by 
the nitro-muriatic acid. On heating the solution, the sulphu- 
ric acid thus formed is expelled, while the molybdic acid re- 
mains in the form of a heavy white powder. From this 
Bowder the metallic molybdenum may be obtained by expos- 
mg it, mixed with charcoal, to the strongest heat of a smith's 

This metal has never been obtained, except in very small 
quantities, and ia the form of brilliant white globules con- 
tained in a blackish mass. When heated in the open air, it 
ia soon converted into molybdic acid. 

Molybdic acid is in the form of a while powder, which has 
k sharp metallic taste, reddens vegetable blues, and forms" 
jalts with the alkalies, called molybdaies. 

This acid is composed of 1 proportion of molybdenum 48, 
jind 3 proportions of oxyg'en 24. 

TU.VGSTES — 96. 

The tun^late of iron, is a brownish black mineral, which 
IS found both massive and crystallized. Its specific gravity 
is upwards of 7, and when broken it presents a foliated struc 
ture, and a lustre somewhat metallic. 

This mineral, by the miners, is called toolfram, and is com- 
posed of tungstic acid and oxide of iron, with a portion of the 
oxide of manganese. 
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Front thja minenl the tungatic acid may be procured by'tb* 
ictioii of muriatic acid in the form of a veUow powder. 

When tuneMic acid ia mixed with charcoal, and exposed 
to an inteoae heal, the metal ie depriTed of its oxygea by the 
charcoal, and appears in its pure form. 

Tungsten has a specific gravity of 17.4 being ncxttopla- 
tina, gold, and Iridium, the most dense body known. It m 
nearly equal (o steel in hardness, and is one of the most inia- 
sible of the metala. When heated in the open air, it ie recon- 
verted into tungstic acid. This acid is composed of 96 parts 
of tungitten and 24 parts of oxygen,, consequently 96 is the 
atomic weight of this metal, and 120 the equivalent number 
for tungstic acid. No use has been made of this metal, or any 
of its compounds. 

COLrMBItTM — 144. 

This metal was discoveied by Mr. Hatchet! of London, io 
a black mineral, which was sent to the British Museum by 
Got. Winlhrop, of Connecticui. The mineral came Itojd 
New London, and is said to have been found near the resi- 
dence of the governor. 

Columbiom, like tungsten, exists in its natural state, com- 
bined with so much oxygen as to perform the part of an acid, 
and is found united to the oxides of iron, or manganeaft 

This metal is of an iron gray color, and considerable me- 
tallic lustre. Its specific gravity is 6.5 ^ 

Columbic acid is composed of columbium 144, and oxy- 
gen 8. Its equivalent number, therefore, is 152. 

A NTl M O If ¥ — 14. 

The only ore from which the antimony of commerce is ob- 
tained, is tde sutphuret. From this native compound the pure 
metal is separated, by heating it with half its weight of iron 
filings in a covered vessel By this process the sulphur unites 
with the iron, while the fused aslimony is drawn off at the 
bottom of the vessel 



WhM Lathe fnocdt fer ineiir 

Cmlijr of tmigaa 1 What «■ i 
Inniadc acid 1 Wlmu cuds ihg ndnanl in wl 
In wtiU taiB dm odiimMiiin din mnblDiid w: 
if cohunbluml Whu ii clu on fton which in 
)■ Ihli maul obalDHl bem H* on 1 



oflb,GoOg.lc 



■KTALi. an 

Ajilkaoay is a britlle metal, of a bluish white color, and 
considerable lustre. Its structure is lamellated, or it consists 
of layers, which are the result of an imperfect CTystallization. 
It fuses at about 800°, and when slowly cooled, may be crys- 
tallized in octohedrons. By exposure to the air it tanusliei; 
though not so readily as several other metals. Its specific 
gravity is about 7. 

ANTIMONV AND OXVeKN. 

Oxygen combines with antimony in three ptoportioai, 
forming the. protoxide, composed of antimony 44, and oxygen 
8 — the deutoxide, consisting of antimony 44, and oxygen 12 
and the peroxide, composed of antimony 44, and oxygen IS 

The (Ieuto\ide combines with alkalies, and forms salts ; it 
is therefore called antiiaajiieits acid, and the salts so formed 
are aiUiTaoniles. 

The peroxide also performs the oflice of an acid, and com- 
bines with alkalies, forming salts, called aiUimeKiales, the acid 
itself being the antimonic. 

Formerly, there were at least forty difTerent preparations 
of antimony, known and used in medicine. At present thia 
number is reduced to three or four, and of these only one is 
in general use, viz., the tartToU of antimony and patassa, or 
tartar eaietie. 



The native sulphuret of antimony, as stated abore, is tho 
only ore from which the metal is extracted. This is geno- 
rally found in compact masses, thongh it sometimes occnis in 
long crystals, interlacing each other. It is of a leaden gray 
color, with a metallic lustre. 

The same compound may be formed by fusing antimony 
and sulphur logetlLer, or by transmitting sulphoi^ted hydro- 
gen through a solution of tartar emetic. 

Sulphuret of antimony is composed of 
Antimony 1 proportion, 44 
Sulphur 1 proportiott, 16 
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Cranicm — 208. 

This metal \ns first delected in a mineral found Jn Saxony, 
which, from its black color, was called pitchblende., This 
ore, now called black oxide of uranium, conlains uranium in 
the state of an oxide, mixed with the oxides of iron and lead. 

The metal is reduced from its oxide lo ihe metallic slate, 
with great difficulty, even in the laboratory of the chemist. 
According to Klaproth, who discovered it, uranium* is of a 
dark grav color, iviih a metallic lustre, and granular texture. 
It is soluble in nitric ncid, fuses only at the hichesl tempera- 
ture, and affords a deep orange coloV to enamel, lis specific 
gravity is about' 8. 

Chemists are acquainled with two oxides of (his metal. 
The protoxide is composed of uranium 208, and oxygen 8. 
The combining number of the protoxide is therefore 216. 

The peroxide consists of I proportion of uranium 208, and 
2 proportions of oxvgen 16 ; so that the equivalent number 
for the peroxide is 224. 

The protoxide occurs as a natural product, of a dark eme- 
rald ereen color, and shining lustre. I; is ofteh found at- 
tached to other minerals, in the form of scales, or in bundles 
of crystals, variously grouped, or interlacing each other, af- 
fording one of the most beautiful products of the mineral king- 
dom. This oxide is also formed by art, and is employed to 
give a black color to porcelain, the change from green to 
black being produced by the heat of the porcelain furnace. 

CERIUM 50. 

The chemists have proved that a metal called cerium exists 
in a reddish brown mineral found in Sweden, and called 
eerite, or siliceous oxide of cerium ; and also in a mineral 
found in West Greenland, and called AUanite. 

The properties of this metal are little known, it having 
never been obtained, except in minute quantities, not larger 
than a pin's head. 

It has, however, been ascertained, that cerium combines 
with oxygen in two proportions, and that its combining or 
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vfunieat number is 50. TheM oxidn ara naipoaed of 
cerium 50, and oxygen 8, forming; the protoxide, whoH eqiu- 
vmlent, therefore, is 58. ^ The deuloxide contaioB the sane 
quantity of metal, with one and a half proportions of o: 
Its equivalent ia, therefore, 62. 



The ore from which this metal is extracted, ia called bm«- 
nical cobalt. It is found in primitive rocks, both disseminated 
and in veins, associated with nickel, silver, bismuth, areenie, 
and copper. 

' When this ore of cobalt is heated in contact with the air, 
the arsenic is expelled in the form of arseniaus acid, and the 
sitlphur which it also contains is converted into sulphnreous 
acid gas, and escapes. By this process, the ore commonly 
loses more than half its ^veight, and there remains in the fur- 
nace an impure oxide of cobalt, called zafree. 

(^Vhm zaffree is heated with sand and potash, there is form- 
ed a glass of a beautiful blue lolor, whien, when pulverized, 
is extensively known and used under the name of imali. The 
blue color of porcelain and earthenware, is produced entire- 
ly by this oxide of cobalt. \ Paper and linen, also, receive 
their bluish tinge from this oxide^ 

From the oxide of cobalt, or zaflree, the metal may be ob- 
tained by healing that substance inccmtact with some carbona- 
ceouB matter. If it is intended to obtain the metal in its pure 
state, the zadVee must first be puriiied from the iron, or Mher 
metals, which it may contain. 

Cobalt is a brittle metal, of a reddish brown color, and 
slightly melaliic lustre. It ia fused ivilh difficulty. Its spe- 
cific gravity is 8.5, It is attracted by the magnet, and is ca- 
pable of being permanently magnetic. Muriatic or sulphu- 
ric acid acts but slightly on this metal, but it ia readily solu- 
ble in nitric acid. 

Cobalt does not attract oxygen by exposure to the air, but 
by a long continued and strong heat, it is converted into an 
oxide of a deep blue or nearly black color, The atomic 
weight of cobalt has not been determined. 
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This ntebd ia tbe bste i^hat curioiu liquid called ofwtfa- 
tktiie ink, and which may be prepared in the following; man- 
ner: i 

Dissolve one part of eObalt, or zaffree, in four parts of 
nitric acid, and assist the solution by heal. I'o this solution 
add one part muriate of soda, and four limes as much water 
as there was acid. 

Characters written on paper, with this ink, are illegible 
when ibe paper ia cold, but become plain, and of a beautiful 
green color, when the paper is warmed. This experiment 
19 rendered eiill more pleasant by drawing the trunk and 
branches of a tree, in the ordinary manner, and then tracing 
the leaves wiih the solution of cobalt. In winter such a tree 
will appear without leaves, except when warmed, but in the 
summer, particularly if placed in the sun, it will be covered 
with beautiful green foifage. .Screens, painted with this so- 
lution, will show their green when in use, but will immedi- 
ately begin to fade when carried away from the fire. 

N'lCKEL 40. y 

Nickel is generally found mineralized by the acids of 
arsenic. The Saxon ores, among which this metal is fownd, 
are mixtures of lead, copper, iron, cobalt, and arsenic, com- 
bined with sulphur and oxygen. In nearly every instance, 
where meteoric iron, or other meteoric products, nave been 
analyzed, they have been found to contain this metal. 

Nickel, being of no use in the arts, is never reduced lo its 
metallic stale, except in the laboratories of chemists, as spe- 



Nickel has a strong metallic lustre, and is nearly the coloi 
of tin and silver. It is both ductile and malleable, and like 
iron and cobalt, is attracted by the magnet, and'may be made 
permanently magnetic. Its specific gravity, after being ham- 
mered, is 9. It is exceedingly infusible, and supers no 
change at common temperatures, when exposed to tbe air; 
but is slowly oxidized at a red heal. The muriatic and sul- 
phuric acids do not act on nickel, but it is leadiiy oxidized 
and dissolved in nitric acid. 



peculLiT profMitlo 
Vliai B «id gf Hit 
nchearu? Whit 
I WlMt lahdl* 



oflb^GoOglc 



Nickel combines with two propOTtitna of oxygen. ' IIh 
protoxide is composed of nickel 48, and oxygen 8. Tlie per* 
oxide of nickel 40, and oxygen 16. 

BISKnTH— 72. 

Cismulh occurs native, and in combination witii sulphur, 
oxygen, and arsenic. That wliich is employed in the arts 
aiid in commerce, is derived chiefly from the native metal. 
Bismuth has a reddish white color, a brilliant lustre, ahd a 
foliated structure. It fuses at 476°, being, with the exception 
of tin, the most fusible of the solid metals. When slowly 
cooled, this metal may be obtained in octohedral crystals. lis 
specific gravity is 10. 

Bismuth enters into the comptositionof printing type j and 
its oxides are employed as paints, and in medicine, 

BisHVTn AND oxroBN. 

Oxide of Bismv4h — 80. 

1 p. Bismuth 72+1 p. Oxygen 8, 

•FlowETi of Bisiauth. 

Bismuth combines with oxygen in only one proportion, 
forming a yellowish while oxide. This may readily be 
formed by submitting the metal to a strong heat in the open 
air. It takes fire and bums with a blue flame, while the 
oxide falls down in the form of powder. 

Bismuth is not rt-adily soluble in the muriatic or sulphuric 
acids, but the nitric acid dissolres it with facility, forming 
nitrate of bismuth. 

When nitrate of bismuth, either in crystals or in solution, 
is thrown into water, a copious precipitate subsides, in the 
.form of a beautifully while powder. This is the subnitrate 
of bismuth, and was formerly known under the name of 
magistery of hismuth. This is employed as a cosmetic pow- 
der for whitening the completion, but it is a dangerous sub- 
stance for such a purpose, since, if it happens to be exposed 
to sulphuretted hydrogen, it turns black, thus exposing the 
wearer to mortification and detection. 
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TtTAXlITK. 

ThoniuRi has hardly been seen in its pare metalSe state. 
but the analysis of its oxides proves thst such a metaJ exists. 

The ores of ihia metal are considerably numerotis, and ar« 
widely dissemioated. The DatJTe oxides of titaoinnL some- 
times occur in long' striated, acieulai crystals, of a reddish 
brown color, and shining- metatltc lustre. Such cijrstals are 
sonjctimea contained in transparent pieces of quartz, forming 
specimens of singular beauty. 

The artificial oxides of this metal are white, and are ob- 
tained by difficult processes. They hold their oxygen with 
such tenacity that all attempts to reduce them, by means oi 
heat and a combustible, in the usual manner, have foiled. 

The equivalent numbers of these acids have not been deter- 
mined with certainty. 

TELLVRIVK — 32. 

This Ui an exceedingly rare metal, being hitherto found 
only in the gold mines of Transylvania, and at Huntington, 
in Connecticut. It occurs in the metallic state, associated 
with gold and silver, lead, iron, and sulphur. The color of 
tellurium is between these of zinc and lead ; texture lamina- 
ted, like that of antimony, which it also resembles in some ol 
its properties. It melts at about 600° ; has a specific gravity 
of 6.11; ia brittle, and easily reduced to powder. When 
heated before (he blowpipe, it takes fire, bums rapidly with a 
blue flame, and is dissipated in gray fumes, which are an 
oxide of the metal. 

This oxide, which ia the only one tellurium forms, is com 
posed of 33 parts of this metal and 8 parts of oxygen ; so that 
32 is the atomic weight of tellurium, and 40 the equivalent of 
its oxide. 

COPPER — 64. 

Copper is found native, also combined with sulphur, with 

oxygen, with carbonic acid, arsenic acid, sulphuric acid, mu 

riatic acid, and with several of the metals. Its ores are very 

numerous, and some of them highly beautiful and interesting. 
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Th« uses of this me^ are numerous, Bud well known. In 
the metallic state, it forms a part of brass, of pinchbeck, at 
Dutch g»ld, and many other aUoys. 

When dissolved in various acids, it forms compounds which 
are employed for a great variety of useful purposes. 

The green pigment, vtrdiUr, is a nitrate of copper, preci- 
pitated by carbonate of lime. VeTdigns 'n an acetate of cop- 
per. Mineral green ia a sulphate of copper, precipitated by 

Copper receives a coosiderable lustre by polishing, but 
soon tarnishes when exposed to the open air. Its specific 
. eravily is 8,78, and is increased by hammering-. It is mallea- 
ble and ductile, and its tenacity is inferior only lo iron. It 
hardens when heated and suddenly cooled. At a red heat, 
with access of air, it absorbs oxygen, and is converted into 
the peroxide, which appears in the form of black scales. 

("Nitric acid acts on this metal with vehemence, and it is 
dissolved slowly in the muriatic and sulphuric acids. The 
vegetable acids, as vinegar, also dissolve copper when ex- 
posed to the air, but not otherwise, the oxygen of the atmos- 
phere assisting in the oxidation of the metal. 

COFFER AND OXYGEN. 

Protoxide of Copper — 72. 

1 p. Copper 64+1 p. Oxygen 8. 

Red Oxide of Copper. 

The red. or protoxide of copper, is found native in the form 

of regular octohedral crystals, variously truncated, and form- 
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1 y, by mixing 64 parts of copper filings ivith 80 parti 
of the peroxide in powder, and heating the mixture to redness 
in a close vessel. By this process, the copper filings attract 
dHe proportion of oxygen from the peroxide, which contains 
twice'the quantity of oxygen contained in the protoxide. 
Thus the quantity of oxygen is equalized, and the whole ia 
converted into the protoxide. 

This expterimcnt affords a very simple illuatnition of the 
law of definite proportions. Eighty parts of the peroxide of 
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MMier contains 64 parti of the metal, aed 16 of oxjrgn. 
'n^en this quantily is heated with 64 parts of coppw, I pro- 
portion, or 8 parts of oxygen. leav<« the peroxide, and nmtes 
with the copper, thus making, in the whole, 144 parts of tbe 
protoxide, the copper gaining 8, and the peroxide loeiog 8, 



Peroxtde of Copper — 80. 
I p. Copper 64+2 p. Oxygan 16. 

This oxide is said to be found in the native state. By art, 
it may be formed hy keeping thin pieces of copper at a red 
heat exposed to the air, or by heating the nitrate of copper to 
redness. 

This oxide is dark brown, or nearly-black. When healed 
alone, it undergoes no change, but if lieated in a close vessel, 
with charcoal, or other combustible, it parts with the whole 
of its oxygen, and is reduced to the metallic state. It com- 
bines with most of tbe acids, and produces salts of a green 
or blue color. 

Copper combines with sulphur, and forms a sulphuret of 
the metal. This compound occurs native, and may be formed 
by heating a mixture of copper filings and sulphur. It is 
composed of 64 parts of the metal and 16 of sulphur. 

LEAD — 104. 

In a few instances lead has been foun<} in the native state ; 
but it most commonly occurs combined with sulphur, form- 
ing the sulphuret, of a bluish gray color, and strong metallic 
lustre. This compound is known under the name of galaw, 
■nd is the ore from which the lead of commerce is exclusively 
obtained. 

The color and common properties of lead are well knowiL 
Its specific gravity is 11, In tenacity, it is inferior to all the 
ductile metals. It fuses ut about 600°, and when slowly 
cooled, may be obtained in octohedral crystals. WhMi newly 
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etit, it has a brilliant metallic lustre, bat is soon taraiahed by 
anoanre to the air. 

'Ijead ia not oxidized by rooistnre witbout the contact of air, 
and hence it may be keM under pure water, for any length of 
time, without c^nge. But if water be placed in an open res- 
ael of lead, the metal is slowly oxidized, and a white crust is 
fornied, at the points of contact b^ween the lead, water, and 
air, which is a carbonate of the protoxide of lead. Hence, as 
the salts of this metaiare poisonous, leaden vessels open to the 
air, should never be employed to contain water for culinary 
purposes. 

The sulphuric and muriatic acids act slonly upon this me- 
tal. Concentrated sulphuric acid produces so little action oD 
it, that the acid is made in chambers lined with lead. Nitric 
acid is the proper solvent of this metal. The solution, when 
evaporated, deposits whitish opaque crystals of nitrate of 
lead. 

LEAn AND OXYOEN. 

There are three oxides of lead, which are thus constituted : 

Lad. Itiyftn. 

Protoxide, 104 + 8 =■ ll'i 

Deuloxide, 104 + 12 ■= 116 
Peroxide, 104 + 16 = 120 

Protoxide of Lead. — This oxide is procured in purity, 
when a solution of the metal in nitric acid is precipitated by 
potash, and the precipitate dried. It is, of a yellow color ; is 
msoluble in water, and fuses at a red heat. The same oxide 
is formed by heating lead in the open air, and is known in 
commerce by the name of massicot. When massicot is par- 
tially fused, in contact with the air, it becomes of a reddish 
color, and is known by the name of litharge. This appears 
to be a mixture of the protoxide and deutoxide of lead. Li- 
(harge ia mixed with oil used in painting, in order to make it 
dry more rapidly. It is probable that this effect is produced 
by the oxygen, which the litharc'e imparts to the oil. 

The well known pigment called white lead, is a carbonate 
of tbe protoxide. This substance is prepared hy placing rolls 
of thin sheet lead in pots conlaitiing vinegar. The vinegBi 
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impute itB oxygen to the metal gradoKlly, and probttbly pr^ 
paiea il for the alsorption of carbonic acid from ihe atmo9> 
phere. Or possibly the lend may be dissolved by the acetic 
acid, and ihia acetate in its forming slate decomposed by the 
CBrbonic acid of the atmosphere, in the same manner that the 
chloride of lime is decomposed, and changed into a carbonate 
by exposure to (he air. White lead was formerly considered 
a pecnliar OJude, but analysis shows that it is a compound of 
the yellow oxide, and carbonic acid: 

DeiUezide of Lead. — This ia the red lead ol commerce, anu 
is extensively used as a pigment, and in the manu&cture of 
Siflt .glass. It is formed by heating litharge in a furnttee so 
constructed that a current of air constantly passes over its 
surface. In this manner, the litharge, which is chiefly a prot- 
oxide, is converted into a deutoxide, by absorbing another 
proportion of oxygen from the air. 

When red lead is heated to redness, it gives off pure oxy- 
gen, and is reconverted into the deutoxide. 

Peroxide of £earf.— This is formed by the action of nitric 
dcid on red lead. The red lead, or deutoxide, is decom- 
posed by the acid, and resolved in the protoxide which it dis- 
solves, and converts into the peroxide, which being insoluble, 
fells down in the form of a puce colored powder. " This ox- 
ide is insoluble in any of the acids. When healed it gives 
off large quantities of oxygen gas, and is resolved into the 
protoxide. , 

StUphuret of Lead. — This compound occurs very abun- 
dantly as a natural product, and may be formed by fusing a 
mixture of lead and sulphur. 

The lead of commerce, as above stated, is obtained exclu- 
sively fiom this ore, which is generally known under the 
name of galena. The metallic lead is easily obtained from 
the suiphuiet. The ore being placed in the furnace, is gradu- 
ally heated with small wood or feggots, to drive off the sul- 
phur. Afterwards, charcoal and lime are thrown in, and 
the heat is increased, ' As some portions of the lead become 
oxidated by exposure to the air and heat, the charcoal redu- 
ces these portions by the absorption of their oxygen^ and at 
the same time mcreaaes the heat The lime combines with 
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the Bulphuric acid, which is formed by the union of the sul- 
phur of the metal, ihe oxygen of the air, and the water of tho 
wood, and forma a sulphate of iime. Meantime, the metallic 
lead, thus reduced, tuns down into the lower part of the fur- 
nace, where it is drawn olf into proper vessels. 

Ail the salts of lead act as poisons, with the exception 
of the sulphate, which Orlila has proved is not deleterious. 
The same author has shown (hat the acetate, or sugar of 
lead, is decomposed in the stomach by sulphate of magnesia 
or Epsom salt, and that the inert sulphate is thus formed. 
Hence, Epsom salt, or Glauber's salt, which is a sulphate of 
soda, becomes an antidote to the poisonous effects of sugar of 
lead when taken soon after it 



The compound resulting from the union of any acid with 
an alkali, an earth, or a metallic oxide, in definite propor- 
tions, is called a sail. 

The su1:slance which combines with the acid to form the 
salt, is called the base. Thus, lime is the base of carbonate 
of lime. Anv substance capable of combining with an acid 
lo form a 'fait, is called a salifiable base. The salifiable 
bases, therefore, are the alkalies, the earths, and metallic 
oxides. li 

Any compound, which is capable of uniting in definite pro- 
portions witn a salifiable base, or which in solution is sour 
to the taste, or reddens vegetable blues, is an acid. 

From this definition, it will be observed that acids are not 
necessarily sour to the taste. This, in many instances, arises 
from their insolubility, for an insoluble acid neither tastes 
sour, nor changes the color of vegetable blues. Other acids, 
which, though soluble, do not taste sour, and have little, if 
any action on colors, still have ihe properly of neutralizing 
alkalies, and combining with salifiable bases in definite pro- 
portions ; such is the prussic acid. 

It was formerly supposed that all the acids contained oxy- 
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gen, aa the acidifying principle, but we have already faad 
occasion lo remark, that there are several known exceptiooa 
to this truth. Since the discovery of the compound -nature 
of the alkalies, and the simple nature of chlorine, it is found 
that some compounds, in which oxygen exists as an element, 
are alkalies, and that others, containing no oxygen, are acidsL 
Thus, the metal potassium, combined wiih oxygen, forms the 
alkali potassa, and chlorine, united to hydrogen, forms mu- 
riatic acid. 

'The alkalies are supposed to possess characters exactly 
opposite lo those of the .acids. Their tastes are pungent ; 
they neutralize the acids, and change vegetable blue colors 
to green. There are, however, many compounds, capable of 
forming salts, and of neutralizing acids, which do not possess 
the laiier characters, ^fhus magnesia, though a powerful 
neutralizing substance, excites no tasle, and produces Utile 
change on vegetable colors. This want of action obviously 
depends on its insolubility in water. 

Thus, a salifiable base does not necessarily contain sensi- 
ble alkaline properties, but is any substance which forms a 
definite compound with acids, or which being soluble, has 
the alkaline taste, and changes vegetable blues lo green. All 
the metallic oxides are salifiable bases. 

In speaking of the solution of a metal in an acid, it must 
always be understood, that it is the oxi'le of the metal which 
is soluble, for no metal combines with an acid in its metallic 
state. The action of ihe acid is first lo oxidate the metal ; 
which it does, either by imparting to it a portion of iis o^vn 
o.tygen, or by assisting it lo obtain this principle from the 
water with which the acid is mired. When copper dissolves 
in nitric acid, the metal is nrai oxidated at ihe expense of 
one proportion of the oxygen which the acid contains, and 
hence the fumes of nitrous gas which escape. But when 
zinc dissolves in dilute sulphuric acid, the metal is oxidated 
by the decomposition of the water, and then dissolved by the 
acid, and hence the escape of hydrogen during this process. 
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b is said that at least 2000 salts are knowa, bat this is a 
snudl number whea compared with those which might be 
formed ; for supposing each acid to be capable of forming a 
different compound with each salifiable base, and each base 
a distinct compound with every known acid, the salts would 
be numberless. 

It may be supposed, from the variety of propertiea pos- 
sessed by tbe acids, that the salifiable bases, with which 
they are known to combine, that the resulting compounds 
must present a great variety of different qualities, colors, and 
shapes, and in this we are not disappointed. Some of the 
salts are corrosive poisons, others are perfectly inactive on 
the animal system ; some are used as medicines, others as 
paints, others in coloring, &c. 

It is obvious that in this epitome of the science, only a 
limited number of these compounds can be described. 
These we shall arrange in groups, or classes, each group 
consisting of the same acid, united to - different salifiable 
bases.' 

t Most of the Saks are capable of being crystallized, that is, 
of forming dry solid figures of determinate shapes. During 
the act of crystallization, many of them combine chemically 
with a definite portion of water, which therefore is called the 
water of cryslallization.j ■ 

Some salts contain more than half their weight of water; 
this is the case with sulphate of soda, or Glauber's salt, which 
consists of 72 parts of the dry sulphate, and 90 parts of 

Other sails, as muriate of soda, or common salt, contain 
DO water of crystallization. But these salts sometimes con- 
tain particles of water included mechanically within their 
substance, and hence when heated they decrepilaU, or fly in 
pieces, in consequence of tbe conversion of this water into 
steam. From this cause, common salt decrepitates violently 
when thrown on the fire. 

Salts containing a large quantity of tbe water of crystal- 
lization, when heated, undergo the aqueotu^ fv,sion ; ibex is, 
they dissolve in the water they contain. ,J.nkydrous salts, 
or such as are not chemically united with water, when heat 
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ed, undergo the igneoHt fneion.^ A salt la .said to effloretet, 
' when ita water of crystallization evaporates, and it &ltB into 
a dry powdeKj 

Most of ihe salts are soluble in water ; and with a few ex- 
ceptions, the solvent power of tliia fluid is in proportion to its 
temperatura One of these eiceplions is common salt, which 
is equally soluble in cold and hot water. Some of the salts 
require 500 or 600 times their own weight of water for so- 
lution. This is the case with, carbonate of lime, and sulphate 
of lime. In a few instances, as in the sulphate of baryta, 
the sells are*eniirely insoluble in water. On the contrary, 
some of these compounds have such an affinity for water, as 
to enter into solution with that which they attract from the 
atmosphere. In these instances the salt is said to deUgueice. 
Muriate of lime is an example. It cannot be kept in the solid 
state, unless closely excluded from the atmosphere. 

AH the aahs are composed of definite proportions of theii 
ingredients, and these mgredients are compounded of defi- 
nite proportions of elementary bodies! Tnua. sulphate of 
potash is composed of- 40 parts of sulphuric acid, and 48 
pans of potash.' The acid is composed of 16 pans, or 1 atom 
of sulphur, and 24 parts, or 3 atoms of oxygen. Potash is 
composed of 40 parts, or 1 atom of potassium, and 8 parts, or 
] atom of oxygen. 

Thus the s^ts are formed by the union of compound sub- 
stances, and their equivalent numbers are the sums of the 
atomic weights of these substances. Thus, the equivalent 
number for tlie sulphate of potash is 88, being composed of 
the equivalents for sulphuric acid 40, and the equivalent for 
potash, 48. How these latter numbers are obtained has just 
been explained; and indeed the whole of the above, so &ra3 
regards definite proportions, is only a recapitulation of what 
has already been stated more in detail, in ifs proper place ; 
but ia repeated here, because the doctrine of proportions ap- 
plies especially to the composition of the class of compounds 
which we are now about to describe. 

Some salts combine with each other and form compounda, 
which were formerly known under the name of triple salts. 
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But as, in these iiiEdances/oiilytwo bases combine witK one 
acid, or two acids with one base, this kind of union is moio 
properly indicated by the term doiti/e'than triple; and this 
change being proposed by Berzeliua, la now eraployed by 
recent writers. 

In describing the salts, we shall follow the method already 
observed in respect lo other compounds, and place the equiv- 
alent numbers at the head of each description. 

SULPHATES. 

The sulphates, when heated Co redness with charcoal, are 
decomposed and changed into sulphurets. ■ The oxygen, both 
of (he oxide and the acid of which the salt is composed, 
unites with the carbon, forming carbonic acid, while the sul- 
phur and metal combine to form the new compound, the aul- 
■phureH 

The sulphates in solution, are readily detecti^d by muriate 
of baryta ; the muriate being decomposed by the sulphuric 
acid, an insoluble sulphate of baryta is formed, which falls 
to the bottom of the vessel in the form of a white powder. 

Several sulphates exist in nature, the most abundant of 
which are those of lime and barj-ta. The sulphate of lime 
Is very abundant in some countries, and is employed as a 
manure, and in the arts, under the name of gypsum or plaster 
ofPaHs. 

Sulphate of PolaSsa — 88. 

1 p. S. Acid 40+1 p PoiassB 48. 

Yitriolated Tartar. 

This salt is prepared by decomposing >he carbonate of pot- 
ash with sulphuric acid. lis crystals are in-lhe form of six- 
sided prisms terminating in six-sided pyramids. Its taste is 
saline and bitter. This sah suSera no change on exposure 
to the air. Its crystals contain no water of crystallization, 
and when thrown on the fire, decrepitate for the reason for- 
naerly explained. These crystals are soluble in 16 times 
their weight of water al 60 degrees. . , 

The composition and equivalent number of this salt are 
seen above. 
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Sulp&aU of Soda — 72. 

1 p. S. Acid 40+1 p. Soda 3 

Glaubef'* Salt.. 



Sulphftte.of soda sometiniea occurs as a nalive compotnul, 
and may be readily formed by saturating common carbonate 
of soda by dilute sulphuric acid) That sold by aputhecaries 
is chiefly prepared from the contents uf the retort after the 
distillation of muriatic acid. 

This acid is obtained by distilling a mixture of common 
salt, and sulphuric acid. The latter acid, combining with 
the soda of the muriate, the muriatic acid is evolved and sul- 
phate of soda formed. This being purified, forms the Glau- 



Sulphale of soda crystallizes in four and six-sided prisms. 
These crystals when exposed to the air, part with their 
water of crystallization, or effloresce, leaving the salt in the 
state of a dry powder. By this process the salt loses about 
half its weight. 

According to the analysis of Berzelius, this salt contains 
72 parts of the neutral sulphate, and 90 parts, or ton atoms 
of water. 

The combining proportions, or equivalents, of the salts, 
refer only to the acids and bases which they contain, and 
not to their water of cryaiallization. It is found, however, 
that the water of crystallization is always combined in definite 
proportions, as well as the other- ingredients. The combining 
number for water, as already esplained, is 9, and in the pre- 
sent instance the doctrine of multiple proportions by a whole 
number is found to be precisely true, there being 10 atoms, or 
proportions, of water in this salt. 

Sulphate of Baryta — 1 18. 

I p S. Acid 40+1 p. Baryta 78. - 

Heavy Spar. 

The 'native sulphate of baryta is widely disseminated, 

though not oilen found in very large quantities at any one 16- 
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cality. It occura both massive and in anhydrous crystal^ 
which are generally flatteDed, or tabular. This substance 
is known under the name of heavy spar, having a specific 
gravity of nearly 4^, being the moet ponderous of earthy mi- 
nerals. 

It is formed artificially by mixing the earth baryta with 
sulphuric acid. 

It ia the moat insbolule of all the salts, and bears a strong 
heal without su^eiing any change. 

This substance ia sometimes employed to form the solar 
phosphori, a compound which shines in the dark, afier hav- 
ing been eJtposed to the light of the sun. 

It ia prepared by first igniting the native sulphate, aAer 
which it is powdered and sifted. It is then mixed with mu- 
cilage of gum arable and formed into cylindera about the 
fourth of an inch in thickness. These being dried in the sun, 
are exposed lo the heat of a wind furnace supplied with char- ■ 
coai, for about one hour, and the fire suffered to burn out 
The cylinders will be found among the ashes retaining their 
original shapes, and must be preserved in a well stopped 

tWhen this substance is exposed for a while to the sun, and 
then carried into (he dark, it will emit so much light as to 
show the hour by a watch dial. , 

Sulphate of Lime— 68. 
1 p. S. Acid 40+ 1 p. Lime 28. - 
Oypsum. Plaster of Paris. 
This sail occurs abundantly as a natural production. It I3 
composed of 68 parts of the puce sulphate, and !8 parta or 
two proportions of water. This aalt is found crystallized in 
broad foliated plates, and also in compact masses. It is 
ground, and spread on certain kinds of land as a manure. 
In this state it is called ground plaster. The compact vari- 
ety is called alabaster, tuii is cut, or turned into various or- 
namental articles, such as candlesticks, vases, and boxes. 
Some of these specimens are perfectly white, and being 
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translucent, ar« among; the moM beautiful prodactibns of the 
mineial kingdom. CMier varieties of this mineral are co- 
lored with metallic oxides, and present the appearance of 
clouds, 'stripes, or spots of red, blue, or brown, interspersed, 

or alternating with each other. 

Sulphate of lime is largdy employed in forming the oma- 
mental, or stucco work, for churches and houses. For this 
purpose'it is first heated nearly to redness, or as the workmen 
term it, boiled, in order to expel the water of crystallizatioDj 
and then ground in a mil). In this state it is a fine white 
powder, which beingmixed with water and cast into moulds 
of various figures, forms the ornamental work seen on the 
walls of churches and rooms. 

After being mixed with the water, it must be immediately 
poured into the mould, for however thin the paste may be, it 
grows hard, or as the workmen call it, sets, in a few minutes, 
and no addition of water will again make it as thin as before. 
Thi^ia owing to the chemical combination which takes place 
betweemhe anhydroi^s sulphate and the water, and by which 
the latter is made solid.. 

Sulphate of lime is soluble in about 500 parts of cold wa- 
ter, and as it exists abundantly in the earA, it is more fre- 
quently found dissolved in the water of wells and springs, 
than perhaps any other sail. When it exists in considerable 
quantity, it gives that quality to the water called haTdnesr. 
Such water decomposes soap, by neutralizing its alkali, and 
therefore is not fit for washing, 

Salphale of Magnesia — 60. 

7 p. S. Acid 40+ 1 p. Magnesia 20. 

Epsom Salt. 

Epsom salt is sometimes obtained by evaporating the wa 
ler of springs which contain it in solution, and sometimes it 
is made artificially, by first dissolving magnesian limestone 
in vinegar, which lakes up the lime and leaves the magnesia. 
The magnesia is then purified by calcination, and aAerwarda 
dissolved in dilute sulphuric acid, and crystallized by erapo- 
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This Bait appears in minute quadrangular shining; crystals. 
These suffer little change when exposed lo the air, undergo 
the- watery iiision when heated, aod are soluble in three 
fourths of their own weight of boiling water. Its use, as a 
medicine, is well known. 

Sulphate of magnesia is composed of 60 parts of the dry 
sulphate, and 63 parts, or 7 atoms of water. 

Sulphate of Alumina wnd Potassa — 262. 
3 p. Sulph. Alumina 174+1 p. Sulph. Potassa 88. 

Alum is a substance so well known, that its external ap- 
pearance requires no description. Its taste is at once astrin- 
gent and sweetish. It is soluble in about its own weight of 
boiling water. It crystallizes in octohedrons, or eight-sided 
figures, and, by peculiar management, these crystals may be 
obtained of great size and beauty. It is a double salt. 

Sometimes alum is found ready formed in earth or friable 
rocks, and js extracted by collecting such earth into proper 
vessels, and pouring on water, which, passing through, dis- 
solves, the salt and holds it in solution. The water being then 
ev^wiated, the alum shoots into crystals. 

When the mineral, which furnishes this salt, is aluminous 
clay, mixed with sulphur and iron, which is more oRen the 
ca^e, another method h taken. The mineral being exposed 
to heat, or merely to the action of the air, the sulphur attracts 
oxygen, and is converted into sulphuric acid, which then com- 
bines with the alumina and forma a sulphate. If no potash 
he present in the earth, this is added, and the whole is treated 
by lixiyiation, {that is; pouring on water until the salt is dis- 
solved,) and the liquid afterwards evaporated lo obtain the 
alum. 

Alum is used in medicine and in the arts. Its composition 
iS stated al the head of this section. Alum is the base of a 
carious composition, called Homberg's pyTofhoras, which 
ignites, on exposure to the air. It is prepared in the follow- 
ing manner : 

Reduce an ounce or two of alum to powder, and mix it 
with an equal weight of brown sugar. Put the mixture into 
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an earthen diah, or ladle, and keep it sdrnng over the fire 
until all the moisture is expelled. Then, having pulverized 
it finely, introduce the powder into a common vial, coated with 
a mixture of clay and sand. To the mouth of the vial, lute a 
small B'l&^-tiibe, or the stem of a tobacco pipe, in order to 
allow the moisture and gases to escape. The vial, thns pre- 
pared, ia set in a crucible, surrounded with sand, and the 
whole placed in a coal fire, and gradually healed to redness! 
At liraC steam will issue from the tube, but afterwards a gas, 
which, being set on fire, burns with a blue flame., 

Afier the flame goes out, keep up the heat for about fifieen 
minutes, and then remove the crucible from the lire, and im- 
mediately stop the orifice of the tube with a piece of wet clay. 
When the vial is cool, pour its contents hastily into other 
vials, which are perfectly dry, and then cork them so as en- 
tirely to exclude the air. 

This compound resembles powdered charcoal in appear- 
ance ; but if a few grains be poured out, and exposed to the 
air, it soon glows with a red heat, and ivill set paper or wood 
on fire. If poured from the vial, at the distance of a few feet 
from the ground, it forms a shower of fire. When intro- 
duced into oxygen gas, it spontaneoiisly explodes, giving out 
intense heat and light, and affording a very brilliant experi- 

Small viala of this pyrophorus may be preserved for years, 
and may be made highly convenient, especially for itinerant 
smokers, and to those wno are travelling through a wilder- 
ness. 

The ignition of this substance is caused by its strong at- 
traction for the oxygen of the atmosphere. 

Sulphate of Iron — 76. 

1 p. Sulph. Acid 40+1 p. Oxide Iron 36. 

Copperas. Grein Vitriol. 

This well knowii salt is the aulpbaleofthe protoxide of iron, 

and may readily be formed by the action of dilute sulphuric 

acid on metallic iron. The green vitriol of commerce is, 

however, manufactured directly from the sulphuret of iron, 

which nature furnishes in abundance. For tnia purpos^ the 

ore, being raised from the earth, is exposed to the air, and 
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oCcasiiHially sprinkled with wa:er. By a natural prcicess, the 
BulphuT absorbs oxygenfrom tbe atmosphere, and is converted 
lulo sulphuric acid, which is retained, bv the water. The acid 
inus formed, combines witii the iron, forming a sulphate of 
the metal, which appears, on the decomposition of the ore, in 
a greenish cruaf) The mass is then lixiviated, or washed by 
pourmg water through it, by which the salt is dissolved, and 
afterwards obtained in crystals by evaporating the water. - 

Sulphate of iron is of a greenish color; has an astringent 
metallic taste, and is soluble in three fourths of its weight of 
boiling water. According to the analysis of BerzeJius, it cxm- 
laina 76 parts, or I equivalent of the sulphate, and 63 parts, 
or 7 atoms of water. 

' Large quantities of this salt are employed in the ails, chief' 
ly for coloring black, and making ink.: 

Sulphate of Zinc — 82. 

1 p. S. Acid 40+1 p. Ox, Zinc 42. 

White Vitriol. 

Wlicn diluted sulphuric acid is poured on zinc, for the pur- 
pose. of obtaining hydrogen, the residue, if allowed to stand, 
forms small white crystals. This is the sulphate of zinc, 
F h p p f mmerce it is made by roasting the na- 

ulpii f 1 metal, and then throwing it into water. 

Th Iph IS f m d by the decomposition of the sulphu- 
n m p n pie as above described for the manu- 
fa f g I and being dissolved by the water, is ■ 

b a d by p 

S Iph f ha strongly styptic taste, is soluble in 

about two and a half parts of cold water, and reddens vegeta- 
ble blue colors, thougn strictly a neutral salt. 

This salt consists of 82 parts of the sulphate, and 7 atoms, 
or 63 parts of water,: 

It is employed in medicine, as a ionic and emetic. 



The nitrates, when thrown on burning charcoal, deflagrate, 
or produce a vivid combustion of the charcoal. This is Ju 
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consequence of the oxy^n gas which they yield Trhen heat- 
ed, which unites with the combustibie as it is expelled. 

All the nitrates, without esception, are decomposed at iuga 
temperalures, or by heat alone. Some of them, as the nitTat*> 
of potash, or nitre, yield oxygen gas in a state of Considera- 
ble purity when heated, and hence afe employed for the pur- 
pose of obtaining oxygen. 

As all the nitrates deflagrate when thrown on burning char- 
coal, ibis simple lest is sufficient lo distinguish them from 
other salts. Another test of these salts, is their power of dis- 
solving gold leaf, when mixed with muriatic acid. 

The only native nitrates arefthose of potash, lime, soda 
and magnesia. 

Nitrate of Potash — 102. 

1 p. N. Acid 54+1 p. Potash 48. 

Saltpetre. Nitre. 

This salt may be prepared by saturating the common car- 
bonate of potash with diluted nitric acid, and evaporating the 
solution until crystals are formed. 

That used in commerce, and for the manufacture of gun- 
powder, is prepared by throwing into heaps, under cover, the 
remains of decayed vegetable and animal matter, found aboui 
old buildings. Heaps of such earth, when exposed to the air 
under sheda, gradually generate nitric acid, in consequence 
of the combination of the nitrogen, which is always contained 
in animal remains, with the oxygen of the atmosphere. The 
earth from such situations also contains lime, magnesia, and 
commonlv, considerable proportions of potash, from the ashes 
of burned wood. Thus there appears to be formed in these 
nitre beds, the nitrates of lime, potash, and magnesia. After 
the earth has remained in this situation for several months, 
being now and then sprinkled with water, is lixiviated, and 
to the solution of these salts there is added a quantity of pot- 
ash, which decompose the nitrates of lime and magnesia, thus 
leaving the nitrate of potash in solution. The nitre is then 
cryst^ized by evaporating the water, and afterwards further 
purified for use. 
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( In the East Indies, this salt is formed Bpontaneonsly in the 
■oil, and is found in small crv^tals on its eur&ce. It is there- 
fore obtained with great &cility, nothing more being Heces- 
sary than to lixiviate tb« earth and purity the nitre. 

Nitrate of potassa is a colorless salt, of a cool saline taste, 
which crystallizes in six-sided prisms. It contains no water 
of crystallization, but its crystals alwaya contain more or less 
water mechanically retained in them. When heated, it un- 
dergoes the igneous fusion, and at a red heal is decomposed, 
first giving out oxygen, and afterwards both oxygen and ni- 
trogen, and if the heat be continued, there will remain only 
pure potasaa. 

In chemistry, this salt is employed in the manu&cture of 
nitric and sulphuric acids, and for the purpose of obtaining 
oxygen gas. In the arts, it is chiefly used in the manu&c- 
ture of gunpowder and lire-works. 

Gunpowder is composed by weight, of six parts nitre, one 
part sulphur, and one of charcoal. These ingredients being 
first finely powdered separately, are then mixed into the foiai 
fii a paste, with water, and beaten together with a wooden 
pestle, until they become very intimately incorporated. This 
paste is then granulated, by passing it through sieves, and 
carefully dried in the sun. 

Fulminating powder is made by mixing in a mortar three 
parts of nitre finely powdered, two parts of carbonate of pot< 
ash, and one part of sulphur. The whole being thoroughly 
laixed by grinding, forms the powder in question. 

When a quantity of this mixture is placed on a shovel, and 
heated gradually, until the sulphur begins to inflame, il ex- 
plodes, giving a loud and stunning report, and leaving the 
ears hardly in a state (o hear anything more for hours, or if 
the quantity be considerable, even for days. Not more than 
15 or 20 grains of this powder should be exploded at once, 
unless in the open air. . 

Nitrate of Ammonia. — The mode of preparing this salt, 
■vas described under the article nitrons oxide. This salt is 
composed of one proportion of nitric acid 54, and one propor- 
tion of ammonia 17—71. It also contains one proportion of 
water— 9. 

( InwlHtaiunUTlfiillnftnBgd •pomiMoniljl Wbm nlin )■ heau^ whu (mIm 
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Nilrate 0/ SilveT^164. 

1 p. Nitric Acid 54+1 p. Silver lltti 

LunaT Cauitic. 

When silver is thrown into nitric acid, the metal is dis- 
solved, with a copious disengagement of red fiimes, whicli 
consist of the ;3eutoxide of nitrogen)' formerly described. 

The solution, if allowed to evaporate, will form large regu- 
lar crystals in the shape of flat rhombs. These, if the metal 
is nnalloyed, are'puie nitrate of silver. They contain no wa- 
ter of crystal lizali on. They undergo the igneous fusion at a 
very moderate heat, and in this state, being cast into small 
cylindrical moulds, form the substance so well known, and 
so universally employed in surgery, and for other purposes, 
tinder the name of Itinar caustic 

A solution of this salt in water, being applied to animal or 
vegetable substances, stains them, after exposure to light, of 
a permanent black color. The skin or najr may be made 
black in this manner, and there is no doubt but persons have 
colored their laces and hands with this substance, as prepa- ' 
ratory to the commission of the worst of crimes. No washing, 
or any other means, will whiten the skin, once stained with 
this solution, until the scarf-skin itself wears off. or is removed, 
which requires several weeks. The solution itself is perfectly 
transparent, and in appearance cannot be distinguished bwa 

Indelible Ink is a solution of nitrate of silver in water, and 
is well known as the only substance in use, with which cot- 
ton and linen may be marked in a permanent manner. 

Nitrate of silver, in solution, is decomposed by a variety 
of substances, having a stronger attraction for oxygen than 
the silver has. By the action of such substances, the silver 
is revived, and appears in its metallic form. Thus, a stick of 
phosphorus placed in this solution, is soon covered with ine- 
tallic silver ; and if the solution be healed 10 the temperature 
of boiling water, with a little charcoal in it, the metal will be 
reduced, and may be obtained in the form of crystals. 

The composition of the nitrate of silver is seen at the head 
of this section. 

WbemilnrliihcDwn iuo iil(ilcutd,HliU gmKspnl Wliu ii iho compadtha 
•raHnuoTiilm) Whu lilba comnwQ nuu of nllnla of lilmt Whutohuw 
•UMlcI Wtul lAct dam Bofcuioi of dHibu oT iUtu hiTe on III* lUii. mlalrl 
Wlui la IqdoUUB takl WbW wtMuiiH in DumUoMI, wblcH dMompoM nlinu •<. 
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There are many other nitrates, t>ut none of them are of 
sufficient use, or interest, to require a description in fbu 

book. 

CULOSATES. 

The chlorates resemble the nitralea in many of their cha- 
racters. These sails were formerly caWed/oxj/vfuriates^ "Most 
of them are decompoBed at a red heat, with the evolution of 
pure oxygen gas, and are conrerted into metallic chlorides. 

The pupil may find some difficulty in pointing out the dis- 
traction between the" chlorales and chlorides. The chlorates 
are composed of chlorine united to oxygen, forming chloric 
acid, which acid, being combined with the metallic oxides, 
forms chlorales. The chlorides are composed of uncombined 
chlorine, either united to the metals themselves, or their 
osidea. ' Thus, chloride of lime is composed of time, or oxide 
of calcium, and chlorine. But chloride of calcium is compo- 
sed of the two simple bodies, chlorine and the metal calcium, 
consequently contains no oxygen. 

When the chlorates are "decomposed by heat, as above 
stated, and converted into chlorides, the change is produced 
by the expulsion of the oxygen which the compound contain- 
ed, and the subsequent union between the chlorine and the 
base of the alkali", or the metal itselt , Thus, when chlorate 
of polassa is healed, its oxygen escapes, while the chlorine 
remains, and combines with the base of the alkali, forminy 
chloride of potassium. 

In producing the chlorates, il is not necessary that the 
chloric acid should first be formed, and then combined with 
the salifiable base, since the same result is produced by mere- 
ly passing the chlorine through a solution of the alkali. This 
will be explained under the chlorate of potaesa. 

The chlorates are all of them 'artificial compounds, none 
of them having been discovered in the native state. Most 
of them yield their oxygen to combustibles with such facility 
as (o produce explosion. Thus, when chlorate of potash is 
rubbed in a mortar with phosphorus, oi struck in contact 
with sulphur,' violent detonations are produced. 
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Chlorate of PofewA— 124. 

1 p. Chloric Acid 76+1 p. Potash 4a 

' Oxj/mvriale of Potash. 

The chlonte of potash is fotmed by passing chlorine gu 
through a solution of the pure caustic alkali in water. 

The pure potash is reaaily pTepared in the following man' 
uer. Make a solution of the carbonate of potash in its own 
weight of hot water, in an iron vessel, and add to this as 
much quicklime by weight as there was potash, and let the 
mixture boil for about ten minutes.' Then strain the solution 
through a linen cloth, and it will be fit for use. 

The lime absorbs the carbonic acid Irom the potaah^form- 
ing with it an insoluble compound, thus leaving the alkali in 
its pure, or caustic state. 

The caustic potash being placed In a proper vessel, the 
chlorine is passed into it as long' as any of the gas is ab- 
sorbed. 

The apparatus for this purpose is represented at Fig. 64. 
FXg. 64. The solution is contained 

" 1 the three necked bottle. 
The chlorine may be evolr 
t Ted by first introducing into 
the retort two ounces of 
finely powdered black oxide 
of manganese, and after eve- 
ry thing is arranged, as in 
the figure, pouring on this, through the safely tube, four 
ounces of muriatic acid, and then applying a gentle heat 
When the solution is saturated, the gas will pass off by the 
bent tube into the open air. 

To obtain the salt, the solution is evaporated with a gratis 
heat, and on cooling, small shining crystals of chlorate <A 
potash will be deposited. The first product onlv must be 
reserved for use, as the solution will afterwards Jorm crjrs- 
tats of muriate instead of chlorate of potash. 

In the production of this salt, by the above process, the 
chloric acid is formed by the decomposition of the watet, ~\ 
the oxygen of which unites with one portion of the chlorioe 
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to fbrm tbe acid,: while the hydto^ea thna disengag^ed, unites 
witli another portion of the cbloime, forming muriatic acid. 
Hence the solution, as abore intimated, contains both muriate 
and chlorate of potash. 

When chlorate of potash is heated, it gives off oxygen gas 
nearly pure, and chloride of potassium remains. 

If two grains of this salt are mixed with one grain of 
sulphur, and the mixture is struck, or pressed suddenly, a 
loud detonation is produced. When struck in contact with 
powdered charcoal, a similar effect results. If a grain of 
the chlorate and half a grain of phosphorus be rubbed to- 
gether in amorlar, very violent detonations will be the effect. 
In making this experiment, the hand should be covered with 
a glove, and the face protected by a mask, or averted, os the 
inflamed phosphorus is sometimes projected several feet by 
the explosioa 

If a little of this salt be mixed with twice its weight of 
white sugar, and on the mixture a few drops of strong sul- 
phuric acid be poured, a sudden and vehement inflammation 
will be produced. 

These phenomena are owing to the fecility with which the 
chlorate of potash 'parts with its oxygen to combustible aub 
stances. 

This salt forms the base of the red French matches, by 
which a light is instantly obtained. The chlorate being 
finely pulverized by itself^ is then mixed with twice its 
weight of white sugar, moistened so as to prevent explosion, 
and afterwards made into a paste with mucilage of gum ara- 
ble. A little of this paste is fixed on the ends of brimstone 
matches, so that when it is inflamed, flrst the sulphur and 
then the wood is set on lire. These matches require only to 
be touched with a drop of sulphuric acid, when they instant- 
ly burst into flame. The acid, for convenience, is contained 
in a small vial, and is prevented from escaping by some fibres 
of asbestos. 

Attempts are said to have been made in France, on a large 
scale, to substitute the chlorate of potash for nitre in the 
manu&cture of gunpowder. But it was found that the 
workmen could not mix the ingredients, under any circnm- 
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ttonces whhoat the gnataet Aanget, and that in many in- 
■tancea exploflions took place afiei the powdei waa prepwedj 
the attempt was therefore abandoned. Auempts have (dso 
been made to use mixtures of this salt for percusaion priniing, 
but it was found that the chloiioe acted so readily on the 
iron, as soon to injive the gun, and it was therelbie laid 
ande, for the iiilmiiuUing Inercury, which is npw generally 
used for this pnrpoae. 9* 

PHOflPHATXS. 

The phosphates of the metals are converted into phospu- 
rets by heat and charcoal. Some of the alkaline and eaimy 
phoapDureta undergo a partial decomposition by the same 
means, while others are not changed. A number of phoa- 

fihates are found in the native stale, such aa those of iron, 
ime, copper and lead 

PhaiphaU of Soda — 60. 
1 p. Acid 28+1 p. Soda 32. 

This salt is prepared on a large scale m chemical manu- 
&clories, by neutralizing with carbonate of soda, the super- 
phosphate of lime, procured by the action of sulphuric acid 
on burned bones. The phosphate of lime whi^h the solution 
contains, is separated by filtration, and the liquid containing 
ihe phoaphate of soda is then evaporated until cryalale of the 
salt are deposited. 

The phosphate of soda ia composed of one proportion of 
the acid 28; one proportion of sooa 3!2 ; and twelve propor- 
tions of water 108. It is employed in medicine, and in chem- 
istry aa a re-agent. 



The borates are few in number, and being most of them 
of no use, are little known. They are distinguished by 
imparting a green color to the flame of alcohol, when 
dissolved in it. Any borate, being first digested in sul- 
phuric acid, then evaporated to d^ess, and the residue 
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Biborate of Soda — 80. 

2 p B. Acid 48+1 p. Soda 32. 

Borax. 

This ie ihe only borate of any consequence, either in che- 
mistry, or the arta. It occurs native in ceitain lakes in Persia 
and Thibet, which are said to be supplied by springs. The 
edges and shallow parts of these lakes are covered with a 
crust of boras, which being removed, another deposition is 
formed. It is imported into Europe and America in its rougt 
or impure state, under the name of THneal, and which being 
purified, forms the refined borax of commerce. 

This salt is capable of being crystallized, in six sided 
prisms, though more commonly seen in amorphous pieces. 

It issolubleinsixiimesilsweightof boilingwater. When 
exposed to heat, it enters into the watery fusion, and at the 
same dme, swells lo several times its former bulk. When the 
water of crystallization is expelled, it passes silently into the 
igneous fusion, and forms a vitreous transparent globule, 
called glass of borax. Borax is used aa a flux, by braziers, 
and mineralogists, and is employed in medicine, in cases of 
sore mouth. 

Besides the' constituents of this salt placed at the head of 
this section, borax contains 8 atoms, or 72 parts of water of 
crystallization. 



The nature of 
exists concerning 
These salts may, however, be readily identified by first redu- 
cing them to powder, and pouring on sulphuric acid, when, 
with the aid of a gentle heal, fluoric acid will be disengaged, 
and may be recognized by its property of corroding glass. 

Several fluates are found in the native state, and it is from 
these only, or rather from one of them, the fluate of lime, 
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thfti the flnoiic acid is obtained. The topaz i> tt compound 
oi fluoric acid, alumine, and sUex. Its chemical name is 
ibtotiiieate of aiumina. 

FlualeofLime—h8. 

1 p. F. Acid 10+1 p. Lime 28. 

Derbyshire Spar. 

This salt is,found in its native state, in many parts of the 
world. It is often seen as an article of Inxury, cut into the 
form of vases, candlesticks, or boxes, under the name of 
Derbyshire spar. Ha colors are purple, green, red, blue, 
and white, oflen mixed in the same specimen, and forming 
one of the mosi beautiful of mineral substances. This sub- 
stance crystallizes in a great variety of forms, the cube bein^ 
the most common. 

Some varieties of this salt phosphoresce, when thrown upon 
hot iron, emitting light of various colors, as green, red, blue, 
&c. 

When fluale of lime is exposed to the united action of sul- 

fihuric acid and heat, it is decomposed, the fluoric acid being 
iberated in the form of gas, while a sulphate of lime is formed. 
By this method the fluoric acid. is obtained, 

CARBONATES. 

Some of the carbonates exist in great abundance in the 
native state. The carbonate of lime forms entire mountains. ■ 
These salts may generally be distinguished from all othersfby 
their effervescence, when exposed to the action of the stronger 
acids.\ This is owing to the escape of carbonic acid during 
the decomposition of the salt. Thus, when sulphuric acid is 
poured on carbonateof lime, the lime and acid combine, while 
the carbonic acid, being thus liberated, escapes through the 
solution, and occasions the effervescence. 

The carbonates. *vilh the excepf ion of those of potash, soda, 
and ammonia, are very sparingly soluble in water. The 
carbonate of lime is entirely insoluble in pure water, but is 
slightly soluble In water containing carbonic acid. 
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Usnjp carbonates of the metals as well aa of the earths are 
fi>UDd natire. The carbonatea Of lime, of soda, barytes, stron- 
tian, maffnesia, manganese, of iron, copper, and lead, are all 
native stuts. 

Carbonate of Potash — 70. 

1 p. C. Acid 22+1 p. Potash 48. 

Potash. Pearlash. 

The well known substance pearlash, is the ^tash of com- 
merce deprived of its impurities, and saturated with carbonic 
acid. The potash of commerce is obtained by lixiviating the 
ashes of land plants, or common wood, and evaporating the 
solution to dryness. In this state it is of a dark reddish co- 
lor, and when recently prepared, is exceedingly caustic to 
the tasle and touch. By age iis-caustic propeny is gradually 
lost, in consequence of the absorption of carbonic acid from 
the atmosphere. Potash is chiefly employed in making soft ' 
Boap and glass. 

The bicarbonate of potash is prepared by transmitting a 
current of carbonic acid gas through a solution of the carbo 
nate. This salt coniLLina 44 parts of carbonic acid and 48 
parts of potash, making its equivalent 92. It also contains9 
parts or one proportion of water of crvstallization. This is 
far milder, both to the touch and taste, tlian the carbonate. At 
a red heat it parts with one proportion of its acid, and is re- 
duced to a carbonate. 

This salt is in common use nndei the name sal arati). It 
ia employed for culinary purposes ; in many of the arts, and 
in medicine. 

The bicarbonate of potash maybe obtained in regular pris- 
matic crystals by evaporating its solution gradually. 

Carbonate of Soda — 54. 

1 p. C. Acid 22+1 p. Soda 32. 

Soda. 

The carbonale of soda is prepared by bummg plants which 
grow in theoea, and lixiviating their ashes. The impure 
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soda of commerce is known under the name ol^bariUa^^i 
is obtained by burning certain sea plants expressly for ths 
pnipose. j^n inferior kind is called kelp, and is prepared 
wit£ less care and from different planlsj 

The carbonate of soda of commerce is prepared by dissol- 
TJDg barilla in water, filtering the solution, and then evapo- 
rating the water. If the evaporation is conducted slowly the 
salt shoots into regular crystals. By continued gentle heat 
these crystibpart with their water, and are rendered anhy- 
drous without loss of carbonic acid. This salt dissolves in 
about its own weight of hot water. 

Carbonate of soda is composed of 'one proportion of the 
acid 22 ; one proportion of soda 32, and 10 proportions or 90 

Hard soap is prepared entirely from soda^' Bicarbonate oj 
soda-is made by transmitting carbonic acid through a solu 
tion of the carbonate in water. It may also be prepared by 
placing vessels containing the carbonate in the vats of a dis- 
tillery or brewery, where the process of fermentation is car- 
ried on. By either process the carbonate is made to absorb an 
'additional proportion of the acid,} and is thus converted into 
the bicarbonate. 

This salt contains two proportions of the acid 44 ; one pro- 
portion of soda 3:2 and 9 parts of ivater. 

The bicarbonaie is in general use as a medicine, and forms 
the alkaline portion of soda powders. It also forms the bases 
of (hat agreeable beverage soda water. 

HTTRI&TES. 

The muriates maybe distinguished by the emission of mu 
riatic acid fumes when tested with strong sulphuric acid 
And also when in solution, by forming a white insolubU 
chloride, when tested with nitrate of silver. The muriates, 
when in a dry state, are chlorides. 

Muriate of Ammonia — 54. 

1 p. M. Acid 37-{-l p. Ammonia 17. 

S(d Ammoniac, 

Sal ammoniac was formerly imported from tj^e East, and 

particularly from Egypt ; but has for many years been m»- 
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no&ctured in large quantities, in several parts of Europe^ 
Several processes are used at the different manuiictories. 
The following; ia the method employed at a principal manu- 
factory in Paris. 

Two kilns are constructed of brick, in which are placed 
proper yessek for containing the materials employed. Into 
one of these vessels*ia placed a quantity of common sail, on 
which is poured sulphuric acid, and inlo the other ar^ thrown 
inimal matters, such as horns, bones, parings ^Uiides, &c, 
On the application of heat there is extricated frTOi one vessel, 
muriatic acid gas, and from the other, ammonia. These 
gases are conducted by flues into a chamber lined wilh lead, 
where ihey combine, and form solid muriate of ammonia, 
which incrusta the roof and sides of the room, and enters 
into solution with a stratum of water on the floor. 

Muriate of ammonia, as seen above, is composed of mu- 
riatic acid and ammonia. Both these conatiiuents exist in 
the state of a gas, but when combined they form the solid 
compound in question. 

Tue elements of ammonia, (nitrogen and hydrogen,) exist 
in all animal substances, and the muriatic acid is a constitu- 
ent of common salt. In ihe above process the ammonia is 
extricated by the heal, while the muriatic acid is evolved by 
the decomposition of the common sail. 

This mode of preparing sal ammoniac may he illustrated 
in the following manner, and affords a very instructive and 
, salisfectory experiment. 

Fig. 65, Provide two flasks, each furnished wilh 
a tube, as represented at Fig. 65. Inlo one 
of these put a handful of common salt, 
' a little sulphuric acid, and into tho 
iT pul equal parts of powdered quick- 
lime and sal ammoniac, ground together. 
Then invert ovef the ends of the tubes a 
^ tall bell glass, or a tubulaied receiver, as 
sen in the figure, and apply a gentle heat 
* « to the bottom of each flask. The two 
^^^gases will be disengaged, and combining, 
^Tt'^will form a white cloud within the receiver, 
5^ *r^'— ^ which will gradually condense and c"™' 
^-- ^ its surface with r"'-^ ""' = — 




1 sal ammoniac. 
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one of tbo cases be introduced into the receiTer withoot tKe 
other, it will lemain transparent and unseen until it meets 
the other, when a dense white cloud will instantly be formed. 

In this experiment the ammonia is set free, in coneeqnence 
of the decomposition of the muriate by the quicklime, which 
combines with its muriatic acid. 

The article used in smelling bottled, and called volant* 
lalts, harishom, ^c, is a carbonate of ammonia- 

^ MuTiate of Barytes— 1 1 5. 

2 p. Muriatic Acid 37+1 p. Barytes 78. 



This salt^is formed by saturating muriatic acid with carbo- 
nate of baryteS; For this purpose, either the native or arti- 
ficial carbonate may be emplov'ed. ' 



Muriate of barytes crysialfi 
contains nine parts, or one proporti 
ble in about two and a Iialf times 



in four sided tables, and 

solu 

eight of water ; and 



s much employed as a re-agent in chemistry. 

HTUROBCLPHCRBTB, 

Sulphuretted hydrogen is formed by the action of muriatic 
acid on sulpburet of antimony, or some other metallic sul- 
phureL 

This gas is capable of forming salts with the alkalies, or 
alkaline earths, when passed into their aqueous sohitiona. 
It thus performs the ofhce of an acid, and the compounds so 
formed are called kydroiulpkurets. 

The hydrosulphurets are all of them easily decomposed, 
with the disengagement of sulphuretted hydrogen ; the fetid 
odor of which, seldom leaves tne experimenter in any doubt 
oonc«!rning the character of the compound. 

Hydroml'phiirel of Potash. 

The best method of making this salt, or of impregnating 
water with any other gaa, is by means of the apparatus re- 
presented by Fig. 66. 



WbU la Uie cornpnLiloi], lud Khu llie comblDlog ptopanloD, of nuEiUs of btlTUa 
Hnr li ihe niuiiau of iHjTUa pnpared 1 Whu an iha hjtliasuliibiinUI Hnwai 
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of pure potash 
, is placed m the lower 
vessel, while the materials for 
exUicating the sulphuretted hy- 
drogen ar-e contained in the re- 
tort. The influx of the sulphu- 
retted hydrogen into the tower 
vessel, drives the fluid into the 
upper one, the juncture between 
the two being made close by 
grinding. Thus, the fluid press- 
ing on the gas, the absorption 
of the latter is greatly facilita- 
ted. In this manner soda water 
may be made, the tube in the 
upfier vessel being convenient 
lor the introduction of an additional quantity of soda, when 
required, or for a similar purpose when experimenting on 
other substances. These vessels being made of glass, the 
changes in the height of the fluid, and consequently its de- 
gree of pressure on the gas, are made obvious. 

This salt forms large transparent crystals, in the shape of 
aii-sided prisms. Its taste is bitter, and it is soluble in water 
jnd alcohol. 




PART HI. 



OKOANIC CHEMISTRY. 

Organic chemistry comprehends the chemical history of 
all those diflferenl suDstancea or elements, which form vege- 
table and animal bodies. 

In many respects this department of chemistry differs 
very materially from that of the mineral kingdom. The ana- 
iysis of inorganic bodies show, that each substance which 
tfiffera materially from another substance, contains some 
principle peculiar to itself, or that the difference arises from 
the multiplied proportion of some one constitiient, while the 
other remains the aame.^ Niunerous instances of both these 



Explain Pig. «, so] da«l1» in wbu ini 
tie nan, and lbn«d InM Ok lower tohI. 
UUI oTI What doea ocguiicxbainuay i 
rbtiaiauy diBbr bom iDfHr>4b*iinlMi7l 



^, Google 



f&Q ORBANtO CBCMISTKT. 

coses n'ill be found, on leferring to the composition of vi 
substances, and to such compounds aa are formed by the miTon 
of different, but definite proportions of the some elem«itB. 
Thus, sulphur united with oxygen, and carbon united to the 
same element, form two compounds differing from each other 
in every respect, with the exception that ihey both comUne 
. with salifiable bases and form salts. And mercury, with one 
proportion of chlorine, forms acompound, which may be taktHi 
in large doses, and is in general use, as a medicine, while with 
another proportion of the same element, it becomes one of 
the most corrosive poisons known. 

On the contrary, the elements of orgunized bodies are 
comparatively few in number;, and ahhough the different 
products, of which there is a great variety, must be com- 
posed of different proportions of these few elements, yet the 
resulting compounds of the same elements never present 
qualities differing widely from each other, like those of the 
mineral kingdom. 

There is another wide difference between organic and in- 
organic chemistry. . The latter presents us only with com- 
pounds formed in consequence of affinity, or the attraction of 
the heteiogeneons particles of matter for each other. But 
organic substances are formed by the action of peculiar or- 
^ns, each organ being endowed with the power of produ- 
cing different results from similar elements. 

Thus, the several organs of the same tree produce wood, 
bark, flowers, fruit, gum, honey, &c., from the same eli^ 
ments : while the organs of secretion, and growth, in anl- 
mab, produce bone, marrow, flesh, bile, fitt, hair, nails, &c, 
from the same food. 

In general the chemist finds little difficuliy in decompo- 
sing, and afterwards imitating the products of the mineral 
kingdom, by again joinin? the same elements to each other. 

But although he can decompose the products of organic 
action, and find the proportions of their elements, he never 
has been able to recompose or imitate these compounds. 
Thus, sugar and gum, are found to be composea of hydre- 

miU li Mid i>f Ibe nambn dT ek 
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gen, oxygen, and carbon, and the exact propOTtious of these 
elements which they contain, are known : but no chemist has 
yet found the means of combining theae elements, bo as again 
to form sugar and gam. 

Organic substances differ also from inorganic, in their ten* 
dency to decomposition. - 'I'hus, all animal and vegetable bo- 
dies, without exception, when ejiposed to the agencies of air 
and moisture, undergo spontaneous changes, iheir elements 
entering into new combinations, and formingnew coiapounda; 
to the entire destruction of the old ones. The comnoimds of 
the mineral kingdom, on 4he contrary, are generally penna< 
Dent, many of them having probably not suffered the least 
change since their creation. 

The changes which result from the decomposition of ani' 
mal and vegetable substances, are often exceedingly compli- 
cated, and particularly when this is produced by heat, and in 
a close vessel. A compound, consistmg of carbon, hydrogen, 
and oxygon, when thus treated, will produce water, carbonic 
acid, carbonic oxide, and carburetted hydrogen, and if the 
substance contains nitrogen, in addition to these, there will 
also be formed ammonia, and cyanogen. 



BLE CHEHIBTRT. 

Before proceeding to describe particular substances, or tllo 
means by which the composition of vegetable products are as- 
certained, and to show the elements of which ihey are com- 
posed, we shall give a short afccount of the process of vegeta- 
tion, and point out the chemical changes which take place 
during the growth of plants. 

We have already stated, that the elements of which vegetii- 
blea arc composed are few in number, and that the great 
variety which we observe in plants, and their different paitSi 
must therefore arise from the different proportions in which 
thesb few elements unite. 

The constituents of i*egetables are earbon, hydrogen, ana 
ixygen, to iihich is occasionally added small proportions o- 
nitrogen. The nitrogen, however, occurs only in such plants 
as emit the animal odor during their decomposition, as cab- 
bage, and some of the mushrooms. 
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Notwithstanding the great variety which we observe in the 
texture, color, taste, smell, hardness, and other properties of 
difierent plants, as well aa their several parts, such as flowers, 
■eeds, and fruits, it is ceriaiu that;^their compositions dlfler 
only in respect to different proportions of these elements. 

The essential organs of plants, are the root, the siim, the 
leaves, the flowers, and the seeds. The root serves to attach 
the plant to the soil, and is one of its organs of nutriment. 

The stem, which is usually erect, serves to elevate the 
leaves, the flower, and the fruit, from the ground, by which 
they are exposed to air and light. The leaves are the respi- 
ratory organs of the plant, and the flower performs the im- 
portant office of giving rise and nourishment to the steds, by 
which the plant is reproduced. 

When a seed is exposed in a situation which fiivors it^ 
growth, it soon undergoes a change. It swells, grows soft, 
hursts its membrane, or shell, and at the same time, from be- 
ing insipid and farinaceous, it becomes sweet and mucilagin- 
ous, thus becoming fit nourishment for the new plant. The 
stem and leaves are soon after elevated above the earth, in 
search of air, warmth, and light, while the root sinks into the 
ground in search of moisture and nourishment. 

The seed, however various in form, consists essentially ol 
the cotyledon^ the plumula, and the radicle. The cotyledon 
contains the matter necessary for the early nourishment of 
the young plant. Sometimes this is single, sometimes double, 
and sometimes it is divided into lobes. The plumula is en- 
veloped within the cotyledon, and is the part wnicb produces 
the stem and leaves. The radicle shoots downwards, and 
berimes the root, 

J^^- 67. The garden bean, having been 

a few days in the ground, shows 
all these parts in perfection, and 
is represented by Fig. 67. Tho 
..-J' cotyledons form the bulk of the 
seed, and are marked a a. The 
plumula &, and the radicle e, are 
represented as beginning to shoot, 
while d d mark the membrane by 
< en enclosed. 
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The CTrcumstauces necessary fbi healthy genniDation are, 
a lemperalure above the freezing point, and below 100 de- 

wsl moisture in a certain proportion, depending on the 

id of seed ; and a proper access of air. 

The joint operation of these several agents seem absolutely 
requisite ; for seeds exposed to the action of air and moisture, 
at a temperature below 32°, will not grow, though they may 
not be uoolutely destroyed by the frost. Nor will seeds ve- 
getate without tbe contact of some air, though both heat and 
moisture be present.. This Ja shown by burying seeds deep 
in the ground, where they are known to lie in a torpid stato 
for years, and in some instances, il is supposed, even for cen- 
turies. Thus, when alluvial soils are exposed to the sun, 
though taken from many feet below the surface, they afibrd 
grass from the seeds they already contain, and which had 
'before remained torpid an unknown length of time, for want 
of the germinating power of oxygen. 

This curious tact is confirmed by the experiment of Mr. 
Ray, who found that seeds exposed to heal and moisture, but 
confined in the exhausted receiver of an air pump, showed 
no signs of germination. 

Other experiments have proved that seeds will not grow 
under any circumstances, without the presence of oxygen. 
Healthy seeds, supplied with abundance of heat and moisture, 
but confined to an atmosphere of nitrogen, carbonic acid, or 
hydrogen, showed no signs of germination. 

It appears, however, that only a very small quantity of 
oxygen is required for this purpose, for Mr. Ray found that 
when the receiver of his air pump was not completely ex- 
hausted, the seeds would sprout. In this respect several ex- 
perimenters have been deceived, and in consequence of not 
producing a complete vacuum, have concluded that air was 
not necessary for the process of germination. 

It being thus certain that seeds will not germinate without 
the aid of oxygen, it hardly need to be st^d that the future 
growth of the plant must require the presence of the same 
principle. 

The immediate source from which plants draw their dou- 
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ruhment, has been a matter of doubt and coalroveray. It is 
certain, however, that they will not grow without the pre- 
tence of heat, air, and moisture. It also seems necessary for 
their vigorouB growth, ttiat their roots shonid be placed in 
the earth, but whether this is requisite for their nourishment, 
or whether the ground serves merely to give them support, 
was a question long in dispute. 

Van Helmont planted a willow which weighed 5 pounds, >n 
a pot containing 200 pounds of earth. This he watered for 
the space of five years, and, at the end of that time, the tree 
was found to weigh 169i pouiida, while the earth in which it 
had stood, being dried as at first, was found to have lost only 
two ounces. Here, then, was an increase of 164 pounds 
weight, and yet the food of the plant had been water only. 
This experiment was supposed to settle all controversy, and 
to decide that the sole food of plants was water. But Mr. 
Boyle afterwards showed, that the water with which the tree 
was moistened, contained earth, from which the willow de- 
rived at least a part of its nourishment. 

After a great variety of curious, and many elaborate oa- 
perimenls, on this subject, it has been ascertained, that plants 
will germinate in pure tvater, and that the young plant, for a 
time, will grow witn no other aliment; but that it finally grows 
sickly, and does not come to maturity and produce seed, with- 
out other nourishment. 

A proof that plants do not thrive on water alone, is drawn 
from the well known fact, that soils become sterile by a long 
succession of crops, but are again made productive by the 
addition of new ingredients. 

Nor does it appear that the simple earths, or clay, without 
some additional ingredients, are sufficient to support the 
growth of ^-egetables. On making an experiment, by plant- 
ing seeds in pure silica, alumina, or magnesia, moistened 
with pure water, and exposed to proper (Wrees of heal, it 
was found that, although germination was efiecled, the yonng 
plants did not grow, until supplied with water, which con- 
tained vegetable or animal remains in solution. 
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r*!! ia for this reaaoa, thai earth, taken from a depth below 
the sui&ce, never forms a productive soil. , The soils best 
adapted to the growth of plants, always contain a proportion 
of vegetable mould, that is, the remains of decayed vegeta- 
bles. This mould contains a quanliiy of matter which isso' 
luble in water, and it is probable that the fertility of a soil 
depends in a degree on the quantity of soluble matter it con- 
tains) and that in this manner the aliment of plants is prepared 
for absorption by the roots. 

The sap which is prepared from the fluid absorbed by the 
roots, is constantly ascending up the vessels of the plant du- 
ring its growth, until it arrives at the leaves. Here it under- 
goes a considerable change, the watery parts being thrown 
off by the .perspiration of the leaves, wbile that which re- 
mains is converted into a peculiar juice, called the true sap, 
which, like the blood of animals, is afterwards employed in 
forming the various substances found in plants. 

The leaves of plants are not only their perspiratory organs, 
but they als,o serve the purpose of respiration, that is, they 
alternately absorb carbonic acid and emit oxygen at their 
sur^ces. 

Plants constantly throw off moisture from their surfaces 
by perspiration, but the quantity is much larger during the 
day than during the night, E)r. Hales found thai a cabbage 
transmitted daily a quantity of water nearly equal to half its 
weight. The office of transpiration is performed entirely by 
the i]nder side of the leaf, and may be almost entirely stopped 
by spreading varnish on that surface. 

Tne feet that plants absorb carbonic acid was first observed 
by Dr. Priestley. Having suffered asprigof mint to vegetate 
for ten days in "a quantity of this gas, which would instantly 
extinguish a candle, he found, at the end of that time, that 
the candle was not extinguished by it as before, but that the 
flame continued for a while. Suteequent experiments have 
■hawn, that pure carbonic acid stops the growth of plants, 
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oat that a imall quantity is absolutely DecMSaTy to healthM 
reeetatioD. 

In Dr. Priestley's experiment, the sprig of miBl could not 
have qualitied the air in which it was confined, for the sup- 
port of combustion, merely by the absorptioa of the carlxHuc 
acid. It must be inferred, therefore, from this experimeDt, 
that the plant not only absorbed carbonic ncid, but thAt it gave 
out oxygen, ori'that it converted the carbonic acid into osygea 
gaSTjand this inference has been confirmed by expeiiment 

plants, while grotving in the light, absorb carbonic acid 
from the atmosphere, which they decompose ^ the oxygen, 
of which this acid is in part composed, being emitted, while 
the carbon is retained by the plant. 

If a growing plant, as a sprig of mint, be exposed to the 
snn, in a glass vessel filled with water, it constantly emits 
from its leaves small bubbles of air, which on examination 
are found lo be oxygen gas. Now water, under ordinary 
circumstances, always contains a quantity of atmospheric air, 
and the atmosphere alwaj-s contains a proportion of carbonic 
acid, and hence it may be inferred, that the water furnishes 
the air which the plant decomposes in this experiment; thai 
this is the case, is proved directly by making the experiment 
with water, deprived of its air by the ait pump, or by boil- 
ing, when not a particle of oxygen is obtained. 

That it is the carbonic acid which the plant decomposes, 
and from which the o.tygun is derived, is proved by two iacts. 
The first is, that vegetables are found not lo emit oiygen, 
unless carbonic acid be present. The other is, that if the plant 
be confined in a mixture of carbonic acid and oxygen, the 
quantities of which are known, the proportion of oxygen will 
l>eincreased,-while that-of the acid will be diminiahwl. 

From these facts we arrive at the wonderful conclusion, 
that plants absorb carbonic acid from the atmosphere, and 
that they retain the carbon for their own nourishment, but 
return the oxygen to purify the air.. And from all tluit is 
known, it is most probable that a great proportion, if not all 
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Ihe carbon which wood contains is derived from the atmos- 



phere ii 

On the contrary, during the nighl, or when the light oi' the 
9un ia withdrawn, plants absorb oxygen, and form with it lar- 
bonic acid, a part of which they emit, and a part is retained. 

It 'appears from experiment, that vegetables not only cease 
to thrive, but that they actually die, if deprived of this night- 
ly inspiration of oxygen. Thus, if a plant be confined du- 
ring the day in a portion of carbonic acid, it decomposes a 
pan of this gas, which is replaced by the emission of an 
equal volume of oxygen. But at night a part of this oxygen 
is absorbed and converted into carbonic acid, which is.again 
emitted. Thus, ultimately, the plant decomjioses all the car- 
bonic acid, because it emits more oxygen (luring (he day than 
ii absorbs during the. nighl. But if the oxygen which is 
formed during the day is withdrawn at evening ijiat is. if the 
plant has a new supply of pure carbonic acid every day, it 
soon droops, and dies for the want of its oxvp^n. _ 

The leaves of plants absorb water, as well as carbonic acid 
and oxygen. The great effect which the dew of nighl, or 
sprinkling with water, has on a drooping flower, ij a proof 
thai the leaves imbibe moisture. 

Experimenls also prove, that detached leaves often live 
for weeks when swimming on the water, and that a plant 
which is dying for want of moisture at the root, will revive 
and grow, when a branch with ils leaves is placed in a ves- 
sel of water. 

It is most probable, therefore, that during dry seasons, and 
when there is a defect of moisture at the root, that the plant 
is in part suslained by llie absorption of water from the air 
and particularly from the dew as it falls at night. 

In addition to heal, moisture, oxygen, and carbonic acid, 
healthy vegetation requires a certain quantity of tight. It is 
well known that plants wiiich grow in the durk are always 
nearly colourless, and thatihey appear weak and unhealthy. 
The disposition of plants to enjoy the light « expTessed by 
,neir inclination towards it, when it is stronger in one direc- 
tioa than in another. 
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Thus, bean, or potato vinea growing in a dark ceJlar, wiB 
iiKrays run lowarda the light, and if possible, will creep out 
Uito the open air. And flowers, growing in pots placed near 
a window, will always lean towards the light, so that to keep 
them Cu a vertical position the pota must often be turned In 
thicli foresls, the trees grow tall for the same reason; they 
Wretch upwards to enjoy the light and heat of the sun. 

Plants kvhich grow in the dark contain more water, and 
carbon, than those which grow in the sun. A plant which 
IV in llie dark, on analysis of one of its branches, was' 
louud to contain only one ninetieth part of carbon; but on 
allowing the same plant to stand for thirty days in the sun, it 
was found lo contnin one twenty-fourth part of carbon. 

This is readily accounted for, by the fact, that plants grow- 
ing in the dark, emit no oxygen, but give out carbonic acid, 
and hence the defect of carbonaceous matter which they con- 
tain. This also accounts for the circumstance, that when a 
healthy plant is placed in the dark, it not only ceases to form 
carbon, out actually loses n part of that which it before con 
tained, by the constant emission of carbonic acid. 

Recapitulation. /~ 

1. Vegetable substances are chiefly composed of carbon, 
hydrogen, and oxygen, but sometimes contain portions oinilro- 
gen. 

2. During the process of germination, the farinaceous sub- 
stance of the seed, become sweet, and afTords nourishment to 
:he young plant. . 

3. Healthy germination does not proceed without the com- 
Lined presence of heat, water, and oxygen. 

4. Seeds will not germinate in a vacuum, or in any gaa 
which does not contain oxygen, though heat and moisture be 
I resent. 

>' Plants receive nourishment from the air, as well as from 
tlic earth. 

G. Plants nourished by pure water, and having access to 
the air, grow for a time, but do not produce seeds. 

7. The nourishment which plants receive by the roota, i» 
probably in a state of solution in water. 
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8. The sap udder^ea a cha> ^ in the leaves, where it 
parts with a ponioti of water, and is thus fitted to form the 
various substances found in vegetables. 

9. la the day time, plants absorb carbonic acid, retain the 
carbon, and emit (he oxygen. 

10. In the night they absorb oxygen, and give out carbonic 
acid. 

1 1 . Plants do not live unless they are permitted to absorb 
oxygen auring the night ; nor will they live unless they ab- 

, Borb a portion of carbonicacid during the day. 

12. Vegetation will continue for some tirae in either car- 
bonic acid, or osygen gas; because when confined in carho- 
•nic acid, plants emit a quantity of oxygen during the dat/, 
which they absorb at night; and when confined in ox^gert, 
(hey give out a quantity of cor^ntcacif! at nij'A/, which again 
Mrves them during the day. 

13. Heahhy vegetation absolutely requires the agency of 
lighL 

14. Plants which grow in the dark, are white. They show 
their propensity to enjoy the light, by ieaning, or creeping to- 
wards it. 

15. Plants, growing in the dark, do not absorb, and de- 
compose, but emit carbonic acid, and hence they contain a 
deficiency of carbon. 



The vegetable acids are generally less liable to spontane- 
ous decomposition than other vegetable products. They 
form salts when combined with the salifiable bases. Moat 
of them are decomposedfby hot nitric acid,) being converted 
into carbonic acid and water. All of them suffer decompo- 
sition when exposed to a red heat. These acids are nume- 
rous, but a large proportion of them are of little consequence, 
-md therefore we shall describe only the moat useful 
S 
Acetic Acid — 50. 

4 p. Carbon 24. 3 p. Oxygen 24. 2 p. Hydrogen 2. 

' The acetic acid, or vinegar, exists ready formed in the sap 
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of w>me pUnO, either in a free state, or combined wiili lime, 
or potaan.\ It may be formed artificially either by the ac» 
toua feimebtation, or by the destructive distillation of wood 

In the first case, it is made by exposing wine, cider, beer, 
or any other liquid capable of passing through the acetic fer- 
mentation, to the action of the air. This last condition is ab- 
solutely requisite, for no liquid will form vinegar if prevented 
from the access of air, that is, from the presence of oxygen. 
The liquid must also be exposed to certain degrees of tem- 
perature, for the acetic fermentation does not proceed, when 
the thermometer is at 32 degrees, and but Very slowly when 
it is near this point. 

In this process, little or no gas is evolved, but on the con- 
trary the oxygen of the atmosphere is absorbed, so that th« 
liquid undergoes a slow oxidation. 

The vinegar obtained by the distillation of wood is called 
pvroligtttons acid, that is, the acid of burned wood. When 
Urst made, it is very impure, and of a dark colour, holding 
ill solution carbon, soot, tar, and volatile oil, which gives it 
a strong smelt of smoke. It is purified by a second distilla- 
tion, and is largely employed for manufacturing purposes, 
and particularly in the preparation of while lead. 

The acetic acid is distinguished from all other acids by its 
peculiar flavor, odor, and volatility. Its salts are called 
acetates. These sails are all of them decomposed al a reo ' 
heat, or by the action of sulphuric acid. 

Acetate of Lead — ifc. 

1 p. A. Acid 50+1 p. Oxide Lead 112. 

JSugar of Lead. "' 

This salt is prepared by dissolving either litharge, or while 

lead, in distilled vinegar, i I'he solution is sweet to the taste, 

and hence its common name. It occurs in small shining 

crystals, which contain 27 parts, or 3 atoms of water. 

This salt is partially decomposed when abandoned to the ac- 
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tion or the atmospheTe. It pans with its water of CTyttalli- 
zation, and absorba carbonic acid from ihe atmosphare, Uvu 
being changed into a carbonate, or into white lead. I Wo 
have Gtatcd^ in another place, that in the manufacture of white 
lead, the same change is effected ; (he lead being lirst dis- 
solved by the acetic acid, and afterwards changed into a car- 
fmnate by the action of the atmosphere. 

The acetate of lead isl largely employed ill the process of 
u»louring, and as a sedative ana astringent in surgery.' 

Acetate of Copper — 130. 

1 p. Acetic Acid 50+1 p. Oxide of Copper 80. ■ 

Verdigris. 

This salt may be prepared, by e!q)osing metallic copper lo 

the rapoT of vinegar. The process appears to consist m the 

absorption of oxygen from the atmosphere by the metal, ailer 

which it is dissolved in the acetic acid. 

Verdigris is manufactured larg'ely in the south of France, 
[by placing plates of copper between the refuse of grapes af- 
ter the juice is pressed out, for the making of wine. The flu- 
ids which the grapes still contain, pass through the acetic 
fermentation, by exposure to the atmosphere, and after seve- 
ral weeks, the plates acquire a coat of the acetate, which 
being scraped off, they are again exposed to the same pro- 
cess. The acetate is afterwards purilied by solution, and 
cTVStallization. ' 

Oxalic Acid— 36. 
(8 p. Carbon 12+3 p. Oxygen 24. 
Acid of SoTreL 
The oxalic acid exists ready formed in several plants, and 
particnlarly in the ozalis acetosella, or wood sorrel, and also in 
common sorrel. I It ia readily prepared artificially,'' by digest- 
ing white sugar in live or six limes its weight of nitric acid, 
and evaporating the solution to the consistence of syrup.' On 
cooling, crystals of oxalic acid will be deposited ; but they 
aboula be purilied by solution in water, and again crjrstallized 
. by evaporation. 
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Oxalic Hciil eryatellizea in simder, flat prums, which hare 
an exceeding'lT sour taste, and which in solution combine with 
the salifiable DAHes, and form a class of salts called, oxo^tei.' 
These crystals contain hair their weight of water of crystalli- 
zation. 

This acid ia easily disting'uished from all olbers,^by tha 
form of its crystals, and by its solution giringwithlime water 
a white precipitate, which is not dissolved bv adding in ex- 
cess of the same acid.";, Oxalic acid'is one of the most prompt 
and latal poisons kndwn, when taken in lar^ doses.) Fatal 
accidents have n>any times happened, in consequence of mis- 
taking this acid for Epsom salts. 

This acid is employed by calico printers, for the purpose 
of discharg;ing certain colors. It is also used in faroilies, 
for taking out spots of iron mould, and other stains'^ 

The oxyiates are none of them of much importance. The 
oxalates of potash, like the acid itself, is sold under the name 
of estenlial salt of Union!, for removing stains from linen. 

Tariarie Acid. 

4 p. Carbon 24+5 p. Oxygen 40-|-2 p. Hydrogen 2. 

Tartaric Acid—&6. 

Cream of tartar is the purified lees, or deposits of wine 
casks. . From cream of tartar-the tartaric acid is produced, 
by mixing the former with ch^lk in fine powder, and throwing 
the mixture into boiling water, by which the cream of tartar, 
which is a tartrate of potash, is decomposed, and a tartrate of 
lime is formed.' The tartrate of lime is then washed, (uid de- 
composed by dilute sulphuric acid, which, combining with the 1 
lime, sets the tartaric acid at liberty, where it remains ih so- 
lution. This solution being evaporated, the tartaric aSii i| 
obtained in white crystals. ^ 

This acid is employed by calico printers, to discharge fehe 
prints, and bv tallow chandlers to whiten their goods. It ia * 
also used, when dissolved in a large quantity of water, as a 
cooling beverage in the hot season. When mixed with car- 
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boDBte of soda in solution, it forma the efierrescin^ dnughl 
called soda powder, of which larg^e quantities are prepared 
and sold during the summer season. 

The effervescence, the only property which makes this 
drink agreeable,: is occasioned by the union of the tartaric 
acid with the soda, in consequence of which the carbonic 
acid is liberated, and in escaping through the water, cansefl . 
the effervescence. ") 

This acid is remarkable for its power of combining with 
two bases at the same time, and forming double salts. The 
most important of these salts is well known under the a&me 
of tartar eiaelic 

Tartrate of Antimony and Po/iMAV-35*- 
(^2 p. Tartaric Acid 132-t-2 p. Protoxide of Antimony 156.1 
1 p, PoUsh 48+2 p. Water la 
Tarta/r EmeHc 
This compound, so singular from the number of constitu- 
ents it contains, is made.liy boiling the oxide of antimony 
called erocKs BielaUomM, with tartrate of potash, or cream of 
tartar^ 

This salt crystallizes in transparent prisms, which after- 
wards grow white and opaque by exposure to the air. It is 
soluble in about fifteen parts of cold, and three parts of hot 

When dissolved in water, the solution gradually undergoes 

fiontaneous decomposition, and becomes inert as a medicine 
hia may be prevented by the addition of about one third-part 
alcohol to the aqueous solution. This salt is also decompo- 
sed by manv re-agenta, as by all the stronger acids, and seve- 
ral ot the alkalies and alkaline earths, and even by vegeta- 
ble suboances. Infusion of nutralls causes with it a whitisti 
precipitate, which is considered a compound of tannin and 
oxide of antimony. This compound is inert, and hence th« 
decoction of chincona bark, as it contains tannin, has been 
gtveo aa an antidote to an over dose of tartar emetic 
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6UneAcid^S. 

/4 p. Cubon 24+4 p. Oxygen 33+2 p. Hydrc^en ^ 

Sail of Lemmu.^ 

This acid is obtai&ed from the juice of lemons, by the same 
process as that described for tartaric add. Finely powdered 
chaik is added to the juice, as long a« any effervescence en- 
sues. The citrate of lime thus formed, is insoluble in wiler, 
■nd sinks to the bottom of the vessel. This being washed, 
is digested in dilute sulphuric acid, by which an insoluble 
sulphate of lime is formed, while the citric acid, bein^ thus 
set at liberty, remains in the solution, and on evaporation is 
obtained in crystals. 

Thrae crystals are large, transparent, and beautiful. (They 
undergo no change by exposure lo the air, are exceedingly 
sour to (he taste, but when dissolved in a large proportion of 
water, mak« an agreeable drink, in consequence of retaining 
the llavor of the lemon.' < 

This acid forms salts with the salifiable bases, but none of 
them are of importance. There is a variety of other vegeta- 
ble acids, most of which are of no imporlarce in any respecL 
Some of these have been analyzed, while the composition of 
others are unknown. We may, however, conclude, fay ana- 
logy, that they are all composed of oxygen, carbon, and hy- 
drogen, in different proportions. 

Composition and Analyns of Vegetable Substances. 
When vegetable substances are submitted to destructive 
distillation, the carbon, oxygen, and hydrogen, of which they 
are composed, enter into new combinations, and there i» 
obtained a variety of products, which diSer from each other, 
according to the nature of the vegetables, and the mode of 
distillation. In general, these products are water, pyroligne- 
otti aeid, empyreumatie or burnt oil, carbonic acid, and ear- 
bv.Tttted hydrogen: If the vegetable contains nitrogen, a 
quantity of ammonia will be formed, and in either cose, there 
will remain in the retort, a quantity of charcoal, with a small 
portion of earthy and saline matter. 
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These several producta are all composed of the same ulli- 
. jiate principles, but are newly arntnged and combined in 
diSefent proDortions. The new arrangements may readily 
be a6countea for,rrrom the circumstance, that the several 
elements, being in contact with each other in the retort, are 
at full liberty to exercise their affinities and to combine ac- 
cordingly.. 

The composition of the new products, named above, will 
show that tney consist only of the old elements diSerently 
combined. Thus, water is composed of oxygen and hydrogen. 
Pyrolignemis acid consisia oi hydrogen, earboa, and oxygen; 
empyreumatic oil of carbon, hydrogen, and oxygen; carboTiie 
acid of carbon and oxygen ; carburetted hydrogen ^f carbon 
and hydrogen; and omTnonia consists of nitrogen and hydro- 
gen:'. With the exception of ammonia, therefore, these several 
products are constituted of oniy three elements, their diSer- 
ence bein^ the result of the difierent proportions in which 
they combme, or, in two instances, of, the absence of an ele- 
ment. 

On subjecting different vegetables to ultimate analysis, by 
destructive distillation, it has been found that the products, 
which result from the different combinations of oxygen and 
hydrogen are as follows. 

A vegetable substance is always acid, when the oxygen 
which it contains is to the hydrogen in a proportion 'greater 
than is necessary to form water, or where there is an excett 
of oxygen. 

(A vegetable substance is resinous, oily, or alcoholic, whon 
the oxygen is to the hydrogen in a less proportion than in 
water, or where there is an excess of hydrogen. 

A vegetable substance is neither acid nor resinous, but 
saccharine or mucilaginous, when the oxygen and hydrogen 
are in the same relative proportions as in water, or where 
there is mo excess of either oxygen or hydrogen. 

In oil, resin, alcohol, sugar, and mucilage, there is a quan- 
tity of carbon, in addition to the oxygen and hydrogen. 
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I*gr§dienU of Plants. 

The ingrtdienti of plantStue distinct substances, formed 
bytheirsecroliogorgans, and separable from each other with, 
out destructive distHlaiibii,^ ;^ney are separated by certain 
volvents, which have the power of dissolvmg some, but not 
others^ Thus, water dissolves the gnm but not the lesin, 
while alcohol takes up the resin and leaves the gum. The 
solvents employed for these purposes are hot and cold water, 
ether, alcohol, and some of the acids. 

The following are the principal ingredients, or what are 
called the proximate prineiplet of plants ; viz. 



Gum 


Fixed oil 


Sugar 


Volatile oil 


Starch 


Camphor ■ 


Oluten 


Resins 


Extractive 


Narcotine 


Ijgnum 


Bitumen 


Tannm 


Vegetable alkali 


Coloring matter 


Vegetable acids 


-Wax 





We shall examine the properties of only the most important 
of these principles. 

Otim Arabic may be taken as an example of pure gum. 
h dissolves in .'water, with which it forms a viscid solution, or - 
nmeilage, from which it may be obtained in its original state, 
by spontaneous evaporation. It is insoluble in alcohol, or 
ether, the former precipitating it from the watery solution in 
the form of white flakes. Qum is decomposed by sulphuric 
and nitric acids. By the former, it is resolved into water, 
acetous acid, and charcoal; the latter produces with it oxalic 
and malic acid. When gum is submitted to destructive dis, 
tillation, it afibrds water, carbonic acid, caiburetted hydro 
gen, empyreumalic oil, and acetic acid. 
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• Sugar. 

Bugat is chiefly obtained ftom the ^gar eane,\ a plant 
which i^ows in hot climatea, and which yields it in' a larger 
))roportioa thaifany other aulwiance. It ia also procured from 
the sugar maple, by boiling down the sap which flows from in- 
cisions made in the tree ; and from several roots, paiticu^ly 
the beet, from which large quantities are made in France. 
I In the manufacture of sugar from the cane, the first pro- 
ems consists in obtaining the juice, which is done by grmd- 
ing and pressure. This i^ then evaporated by a gentle heat, 
during which a quantity of lime ia added( partly for the pur- 
pose of neutralizing any free acid, and partly for the purpose 
of separating extractive matter, which unites with the lime, 
and forms a scum on the sur&ce of the liquid, ;The evapora- 
tion ia continued until it acquires the consistency of syrup, 
when it is transferred into wooden coolers, where a portion 
concretes into a crystalline mass, and in this state forms what 
is called muscovado or rav> sugar.'' ' It is then placed in ves- 
sels with apertures in the bottom, where the more fluid parts 
drain ofi| and form the w^ll known sweet syrup, mulasses^ 

Raw sugar is .refined by the following process : The su- 
gar being dissolved in water, is mixed with the whites of 
eggs, or the eerum of blood, and boiled. The albumen or 
serum is thus coagulated by the heat, and rising to the sur- 
face, brings whh it such impurities as the sugar contained. 
nrhich are removed by a skimmer. When the syrup is judged 
to be sufficiently clear, it is placed in smaller pans, and far- 
tlier concentrated by boiling, and then transferred into cool- 
ers, where it is agitated with wooden oars, until it appears 
thick and granulated. It nowbecomes white, and the crystals 
being broken by the agitation, facilitates the draining off of 
the colored matter which remains. 

It is next placed in conical cups of earthenwart, of the 
well known form called sugar loaf. These having aper- 
tures at the bottom, a portion of molasses drains ofl^ leaving 
the sugai much whiter than before. Lastly, a qnaotity of 
^ipu clay is mixed with water to the consistency of cream, 



by Google 



M8 

and pi 

water from this slowly percolates tbiongh the loarea, f 

washes ^11 remains of the coloring matter from the sugar. 

The loaves are then dried by heat, and put in papers for 

sale.) 

Refined sugar undergoes no change when exposed to the 
ail, the dampness of raw sugar being caused bv impurities. 

Sugar is decomposed b^ the sulphuric ana nitric acids. 
By analysis it is resolved into the usual constituents of vege- 
tables, oxygen, carbon, and hydrogen. 

Slareh. 

Starch is an abundant principle in the vegetable kingdom, 
being one of the chief ingredients in most sorts of grain, a&d 
in many roots and seeds. The process for obtaining starch 
consists in diffusing the powdered grain or rasped root in 
pure cold water, by which the water is Tendered white and 
turbid. After somehours, the giossei parts, which in wheat 
consists chiefly of gluten, areseparatedbv straining, and the 
water which passes tjirough, being placed in shallow vessels, 
deposits the starch, on standing. It is afterwards washed and 
dried with a gentle heat.^ 

If starch be boiled for a considerable time in water con- 
tuning abcjut a twelfth of its weight of sulphuric acid, it is 
converted into sugar. By careful analysis, it has been found 
that the only difierence between the composition of starch 
and sugar, is, that the starch contains less hydrogen and oiy- 
gen, in proportion to the carbon, than sugar. How the acid 
acts to convert the starch into sugar, has not been satisfacto- 
rily explained. During the germination of seeds, a similar 
change is effected, the starch being in part converted into 
sugar. 

The principal varieties of starch, are arrow-root, potaia 
starch, .sago, tapioca, cassava, salop, and the starch of 

GlvUn. 

ainieo maybe obtained fr<m wheat flour;by fonniiiKit 

mto a paste, with cold water, and continuing to waah Utia 
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Baste nnder a stream of the etftne fluid, as long as any ihin^ 
IS carried away.l The march being thus removed, a toug^h 
elastic substance, of a gray color, will remain, which is 
gluten. 

This substance has no taste, and is insoluble in water, 
alcohol, or ether, (wt is soluble in alkalies and acids.i If left 
to undergo the putrefactive fermentation, it emits an offensive 
odor similar to animal substances, ■and from this circumstance 
it is apparent that it contains nitrogen, which indeed is proved 
by its yielding ammonia ai a red heat. 

Of all substances, wheat icon tains the greatest proportion 
of glulen, and it is owing to this circumstance, that wheal 
flour is more nourishing than thai of other groin, gluten be- 
ing the most nutritive of all vegetable subslancesj II is also 
owing to the prese;ice of this substance in the flour, that the 
dough is tenaciou%^nd the bread'spongy, or light, the car- 
bonic acid forni!>d during the fermentation of the dough, 
being detained by the gluten, in consequence of which, the 
whole ma!-s is distended, with bubbles of air. 

Wheat contains from 18 to 24 per cent, of gluten, the re- 
mainder being principally starch. 

Extractive Matter. 
I Most vegetables, when infused for a time in hot water, 
impart to it a brown color. When such solutions are evapo- 
rated, there remains a solid substance, of a brownish, or some- 
times of a yellowish color, which is extractive matter. 

Extracts are prepared by apothecaries, as a means of con- 
centrating the virtues of plants for medicinal purposes. These 
extracts not only conlam the proper extractive matter, but 
several foreign substances also, such as resin, coloring mattei 

oil, &c. 

Coloring Matter. .' 
The coloring matter of vegetables is chiefly red, blue, 
green, yellow, or mixtures of these colors.' Nearly all vege- 
table colors are discharged by the continued action of light. 
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■nd without ezceptioDi they are all destroi^ed by the acUofl 
q( chlorine. 

Aeids and alkalies eiiher destroy, or change the tints of 
Te?etable colors. 

The extraction of ihe coloring principles, and the trans- 
fer of them lo different substances, constitutes the art of dytr 
tn^.'nn art which, in the succi'ssion of ages, has been carried 
lo a high degree of perfection. This art has been practised 
from ihe remotest antiquity; tor the history of man informs 
us, that from the king on the throne, to the savage in the 
wilderness, a!l have ever been fond of decorating themselves 
in a variety of colors. 

Colors have been divided :itito suhstantiv&_m^ adjtclivi^ 
('Substantive colors are such as do not require tbe interven- 
tion of any other substance to Hx them permanently, their 
atln^lion for the cloth bein£^ sufI)ci|M| for this purpose^ 
Adjective colors require the intervention of sotne substance, 
which has an affinity both for the coloring matter, and the 
stuff lo be dyed. This intervening subslance is called a 
mordant.. The mordant generally consists of a metallic salt 
dissolved in water, with which the cloth is impregnated, aOer 
which it is passed through the solution of coloring matter. 
The mordants most commonly employed, are'mwrta/e o/tin. 
tviphaU of iron, acetate of irvn, and sulphate of alwrninA 

Different mordants are used for different colors, and dif 
ferent kinds of cloth. Thus, black is made with sulphate 
of iron, nutgalls, and logwood. Yellow, with alum, fustic, 
and saffron ; red, of cochineal, madder, red wood, or archil, 
with muriate of tin, or sulpjiate of alumine for a mordant 
Blue is made with iiidig'o, &c. 

Tannin ^ 

Tannin is tbe substance, by the ahsorplion on which; tbe 
skins of animals are converted into leather.' i^This eubettDCS 
is contained abundantly in nutgalls, in the bark of many 
trees, particularly the oak, hemlock, and birch, and in most 
vegetable substances which are astringent to the laslel 

Tannin may be obtained from any of these substances, 
by first bruising the article, and then digesting it in a small 
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nomiity of coM water, and afterwards evaporating the water. 
Thia substance is of a yellowish brown color, exIremelT 
astringent to the taste, and soluble in valei and diluted al- 
cohol. 

Tannin ia distinguished /^y its ofibrding an insoluble pre- 
cipitate with isingloas, or any other animal jelly. - It iSi^on 
this principle that the art of tanning leather is founded. The 
hides are laid in vats, and between (hem there is thrown a 
layer of oak or other bark, which contains tannin, in cottrse 
powder. The tannin of the bark ia first dissolved by the 
water and afterwards combines with the leather, by which it 
is rendered hard, and nearly imperrious to water. 

Vegetable Oils. 

The vegetable oil^re of two kinds. Fixed anATolatile. 

Fixed Oils. Thdre are found only in the seeds of platlis,. 
and chiefiy in such as have two cotyledons, such as almonds, 
linseed, walnuts, and rapeseed. The oi! of olives, however, 
is extracted from the pulp which surrounds the kernel. 

The fixed oils are obtaiiied by crushing or bruising' the 
seed, and subsequent pressure. They are viscid, nearly in- 
sipid, and inodorous, and generally cOngeal at a temperature 
considerably higher than 32 degrees. 

The fixed oils, with a few exceptions, nndergo little other 
change, by exposure to the air, than those of growing more 
viscid, and acquiring a degree of rancidity. The latter 
change is owing to the absorption of oxygen, for rancid oils 
redden vegetable blues, showing: that they contain a quantity 
of free acid. 

' The absorption of oxygen, by some of the fixed oils, and 
{Kirticularly by those of linseed and rapeseed, is sometimes 
so abundant and rapid, as to set fire to light porous substan- 
ces on which they are spread. 

These are called cases of ipontajteoui eonlmslion, and in 
many instances, where these oils have been sufiered, either 
by accident or otherwise, to come in contact with cotton wool, 
or cotton cloth, destructive fires have been the consequence. 

The allmlies combine with the fixed oils, and form soap. 
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The composition of all these oils ia caibon, and bydrogeii, 
and oxygen. 

Volatile Oilt. Plants and floivera owe their odor and fla- 
vor to volatile or enential oils. These oils are obtained l^ 
distilling the plants which contain them with water. The wa- 
ter prevents (he plant from being burned. Both pass into 
the receiver from the still, where the oil is foupd either at the 
bottom, or on the snriace, aa its density is neater or less than 
that of water. Some fruits, however, yield essential oil by 
pressure; such are the orange, the lemon, and the bergamot, 
which contain it in vesicles m the lind of the fruit. 

The odor of the essential oila ia aromatic, and their taste 
penetrating. They consist of the ijdoriferoua principle by 
which plants are distinguished Irom each other in a concen- 
trated slate. These oils are eolnble in alcohol, and very 
sparingly so in water. When dissolvA in the former, they 
constitute essencti, a great variety of which are manufactur- 
ed, particularly in Paris, and sold as perfumes in moat parts 
of the world. 

All the volatile oils, when pure, pass away by evaporation. 
Hence, a good test of the purity of these oils is to let a drop 
fell on paper, and if any oily spot is lefl, after warming the 
paper, the essential oil has been adulieraled by some fixed 

The essential oils burn with a clear, while light, and the 
only products oftheii combustion is water and carbonic acid. 
Hence, these oils are composed solely of carbon and hydro- 
gen, the water and carbonic acid being formed by the ab- 
sorption of oxygen to support the combustion. 

Renns. 

The resins are peciiliai substances which exude from cer- 
tain trees, or plan^ or are contained in their juices. They 
commonly contain a portion of the essential oil of the plant 
They are solid at common temperatures, and, when robbed, 
show signs of ^ectrical excitement Their colors are yel 
low, reddish, and white, and most of them are tranalueent 
or transparent 

The resina are soluble in alcohol, ether, and the ^■'W'ti'j^l 
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oils/^iA aie precipilnted ty water, in wMch they are entirely 
insolublal Th(^ are dissolved, and at the same time decom- 
posed, bvthe sulphuric acid, with erolution of sulphuric acid 
^, and the deposition of charcoal 

The principal resins are, . common resin, gum copal, laci 
mastic elemi, and dragon's blood. Common resin, called 
Tosi*, is what remains atler the distOlation of spirit of turpen- 
tine. The turpentine itself jra obtained by making incisionn 
m the fir tree, from which it exudes. 1 This consists of lesin, 
and the oil of turpentine, which are Separated by distillation. 
The use of many of the resins are well known. Sealing 
wax is made of lac, turpentine, and common resin. Copal 
and elemi, when dissolv«din spirit of turpentine, or alcohol, 
form Tarnishes, * 

Fervtentafioit. 
;'Fennenlation consists in a spontaneous exercise of chemi- 
cal afiuiity, in a vegetable substance, or solution, in conse- 
quence of which its properties are materially or totally 
changed. '. 

There are several kinds of fermentation, the names of which 
indicate the products formed. These are, the. sacchanne, the 
vinous, the acetic, and the putrefactive. 

The product of the first, is sugar; that of the second, join*; 
thai of the third, vinegar; while the fourth resuhs in the total 
decomposition of all vegetable matter, and the destruction of 
every useful product. 

Saccharine Ftrmtntation. The germination of seeds, and 
the malting of barley, are instances of the saccharine fermen- 
tation, the ferinaceous being converted into saccharine mat. 
Icr, or sugar. 

Vinmis Fermentation. This, by the generality of mankind, 

is considered the moat important of all fermentations, since, 

from the days of Noah and Alexander to the present time, 

its product has been employed, either to heighten the ^ea- 

' sures, or as an antidote to the cares of this poor life. 

Wine, as well as other intoxicating liquors, are produced 
piily by the vinous fermentation ; a process by whicn alcohol 
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is fonned. TheM an fonr condi'JODS necessary to Ae ns< 
cess of this process. These are, the preaeoce of nuter, oiu^r, 
an^ jreast, in mixture, and a temperatare between 60 and 70 
degreea. Or, inetead of yeast and sugar, sacciiarme matter, 
and staTch, or (he sweet juices of fruits. These conditions, 
being united, there succeeds a brisk intestine motion, attend- 
ed with the escape of carbonic acid gas in abundance, and at 
the same time the transparency of the fluid is diminished bv 
the rising of opaque filaments, the whole being attended wilt 
an elevation of lemperaiure. Wheu there phenomena cease, 
the liquor is found (o have lost its sivect, mucilaginons taste, 
and to have acquired some degree of acidity, with a brisk, pe- 
netrating flaror, and the power ofproducing intoxication. 

In respect to the chemical chffiges tvhich take place du- 
ring this pToeess, it is found that after the fennentatioa, the 
sugar has entirely disappeared, and that it is replaced by a 

Suanlity of alcohol, none of which existed in the liquid before. 
le proci?ss. Hence sugar ie converted into alcohol by the 
vinous fermentation. But the weight of the alcohol.is never 
equal to the weight of sugar employed, by nearly one half 
This loss is accounted for by the escape of the carbon and 
oxygen of the sugar, in the form of carbonic acid. When the 
process is conducted in such a manner that the quantity of 
carbonic acirl can be retained and weighed, it is found to cor- 
respond nreciaely with the loss of the alcohol; that is, the 
combined^ weight of the acid and alcohol are equal to that of 
the sugar. This may be made apparent thus: Sugar and 
alcohol are composed of 

Sugu. AkohoL 

3 proportions of carbon 18 2 prop, carbon I'i 
3 do. of hydrogen 3 3 do. hydrogen 3 
3 do. of oxygen 24 1 do. oxygen 8 



This shows a loss of one proportion of carbon and two 
proportions of oxygen from the sugar, the alcohol contain- 
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mg ody tnro parts of carbon and one of oxygen, wbile tbe 
taga.T contained three of carboa and three of oxygen, Ae pro- 
portion of hydrogen being the same in both. The difleraice 
between the number for sugar and that for alcohol is there- 
fore 22. Now we have seen that carbonic acid is composed 
of one proportion or atom of carbon &, and two proportions 
oratoms of oxygen 16, and tbeae two numbers make the 
precise quantity of carbon and oxygen lost by the sugar, and 
which is not contained in the alcohol. Therefore, 45 paitB 
of sugar produce by fermentation, 23 parts of alcohol, which 
is found in the fermented liquor, and 22 parts of carbonic 
acid gas, which escape. 

This investigation, while it afibrds a beantifiil illustration 
of the doctrine of definite proportions, demonstrates that 
nothing ts lost by a new arrangement, or interchange of ele- 

It is believed, that the vinous fermentation never takes 
place without the presence of sugar, the elements of thia 
mgredient, as shown above, furnishing by decomposition 
those of the alcohol. In cases where substances which con- 
tain no sugar are known to produce alcohol without the ad- 
dition of this ingredient, the process is explained by the sup- 
position th^t the starch which these substances contain, is 
converted into sugar by the saccharine fermentation. It is 
well known that potatoes, which contain little, or no sugar, 
yield a large quantity of alcohd by fermentation. But po- 
tatoes contain a large proportion of starch, which entirely 
disappears during the process, being first converted into su- 
gar, ani then into alcohoL 

Alcohol. 
When a liquor which has passed through the vittous fer- 
mentation is'dislilled, there rises from it a fluid, having much 
more highly intoxicating powers than the fermenteu liquor 
from which it is obtaincn. This liquor has a sharp penetra- 
ting taste, and retains the flavor and odor of the fermented 
liquor, from which it is distilled. The fluid so obtained is 
alcohol mixed with water, and containing a portion of the 
essential oil peculiar to the vegetable which formed the ier- 
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tMt, and vkUkey, have each a flavor of (heir own, whitii 
arisea front this circnmatance. These aie called s^rituout 
liquors. 

When aspiritDOTisliqnorudittitted, the alcoho) is obtained 
in a state of mnch greater pnrily, the oil which it contained 
and moM of the water being left in the retort, or still. In 
this state it is colorless, highly inflammable, prodnces cold 
\ty evaporation, and occasions a considerable angmentalion 
« teinperatnre by admixture with water. 

ConnnoR alci^ol contains a portion of water, and has a 
specific gravitjr of from 850 to 875, water bein? 1000. It may 
M farther purified, or freed from tvater, by adding to it warm 
carbonate of polaah, or muriate of lime, which combines with 
the water, and sinks to the bottom of the Tessel, atier which 
the alcohol maybe poured off! Very pure alcohol may also 
be procured, by putting it into a bladder, which being sus- 
pended in a warm place, the water will alowly pass through 
the coats, while the pnre alcohol is retained. The etrongesl 
alcohol which can be procnred by either of these methods, 
has a specific gravity of 800, or 796, at the temperature of 
60 degrees. 

Pure alcohol has never been frozen, though exposed to the 
lowest temperature which art has ever produced. ' It is a 
powerful sdvenJ, being capable of dissolving camphor, resins, 
•cap, volatile oils, sugar, balsam, &c. 

Pure alcohol has precisely the same properties, from what- 
ever subatanees it b obtained. 

Ether. 
The name ether was originally applied <o a higUy fragrant 
and volatile liquid, obtained by the distillation of alcohol 
with sulphuric acid. But it 1^ been found that the same 
substance, when distilled with other acids, affords a liquid 
possessing in some respects similar properties, and therefore 
these compounds are now distinguished by prefixing the 
name of the acid employed. 
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Sulphuric Ether. To make sulphuric ether, pour iolo « 
tubulated retort a certain quantity o? alcohol by weight, and 
add, in Email portiona at a time, the same weight of strooe 
sulphuric acid, allowing th? mixture to cool after each addi- 
tion. Then connect the retort with a receiver, and, by means 
of a lamp, maice the mixture boiL The receiver must be kqrt 
cold by the application of ice, or wet cloths. The ether wUl 
pass over and be condensed in (he receiver. The ether thus 
obtained, contains a portion of alcohol, and commonly a 
little sulphuric acid, from which it is purified by agitatitm 
with potash, and redistillation. 

In respect to the chemical changes which lake place be- 
tween the alcohol and acid, to form the new product ether, 
it is found, on analysis, that the latter substance is composed 
of two proportions of olefiant gas, and one proportion of 
water. The number for olefiant gas being H, and that for 
water being 9, the equivalent number for ether is 37. 

Now oleiiant gas consists of 2 atoms of carbon 13, and 2 
atoms of hydrogen 2=14, to which 1 atom of tvater 9, being 
added, makes the composition of ether. 

Alcohol is composed of, or contains the elements of, 1 atom 
of olefiant gas, and 1 atom of water, and therefore^ alcohol 
contains, double the proportion of water that ether does.' 
Now if 1 proportion or atom of 'vater be abstracted from two 
of alcohol, the exact proportions constituting ether will re- 
main. Thus, the number for alcohol being 23, double this 
number is 46, from which one atom of water, 9, being taken, 
there remains 37, the number representing eiher. It will 
be seen, on comparing these several numbers, that they ex- 
actly correspond with the constituents above named, and it 
is supposed that this is the precise mode in which sulphuric 
acid operates to convert alcohol into ether. In consequence 
of the affinity of sulphuric acid for ivater, it abstracts one 
atom of that fluid from the alcohol, and thus the elements of. 
ether remain. 

Sulphuric ether la a light, odorous, transparent fluid, of n 
hot and pungent taste. Its specific gravity, when most pure, 
is about 700, water being 1000; but that of the shops is 740, 
or 750, owing to the presence of alcohol When exposed to 
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tfae open air, it «Tapont«s with ^teat rapidity, i 
an intense degree of cold. This is in conse4)uence of the 
Briociple already exj^ained, that when a sulnia nee passes 
from a denser lo a rarer state, caloric is absorbed. 

Ether is exceedingly combustible, and bnms with a blue 
flame, the product of its combustion being water and car- 
bonic acid. 

Ether is employed as a medicine in nervous fevers, and as 
a solvent in the arts. When pure, or when that of the shops 
is agitated with water, and, after standing a while, is poured 
oS, It is a solvent of India rubber, one of the most insoluble 
of vegetable products. 

Nitrous Elker is prepared by distilling alcohol with nitric 
acid, in a manner similar to that described for sulphuric 
eiher, to which its leading properties are similar. It is, how- 
ever, still more volatile, and is subject to decomposition by 
keeping. 

Vegetable Alkalies. 

Potash and soda were formerly called vegetable alkalies, 
in order to mark their origin, and to distinguish them from 
the other alkaline substances. These . alkalies, as slated in 
their-Tiroper places, are obtained chiefly by the incineration 
of land and sea plants, though they both exist ready formed 
by nature. They are found lo be metallic oxides, and have 
been described under the names of oxide of potassium and 
oxide of sodium. The vegelable alkalies now to be descri- 
bed, are strictly vegelable products, and are obtained, not by 
incineration, ' but ^ by the digestionj or maceration, of certain 
vegetable substances in water. 

The following is an outline of the method by which they 
are obtained. In the lirst place, the substance containing 
the alkali is digested in a large quantity of very pure water, 
which dissolves the sail, the base of" which "is the alkali. 
On adding some salifiable base, such as potash, or ammonia, 
which has a strong affinity for the acid of the vegetable salt, 
in (he watery solution, this salt is decomposed, it? acid com- 
bining with the potash, or ammonia, and thus leaving fhe 
vegetable alkali in the solution. This being insoluble, while 
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' ikflHew salt is soluble in water, ia collected and washed on 
a filter. The vegetable alkali thus obtained, ia however im- 
pure, aad requires to be dissolved in alcohol, with the addi- 
tion of some animal charcoal, which deprives it of jta color, 
— then filtered, and the alcohol evaporated, when the pure 
alkali will be obtained. 

The moat important vegetable alkalies are. Morphia, Cin- 
ehoma, and Quinia. 

Morphia. 

Morphia is the narcotic principle of opium. Opium, be 
sides morphia; contains meconic acid, narcotine, gum, resin- 
ous, extractive, and colouring mailer, and a small quaniily of 
caoutchouc, or India rubber. 

Morphia exists in the opium, combined with meconic acid, 
forming meconate of morphia. To obtain it, therefore, it is 
necessary to decompose this salt, by which the morphia is li- 
berated, and aflerwards obtained by the evaporation of some 
fiuid in which it is soluble. 

This is done by boiling a solution of opium in water, with 
magnesia, by which the meconate of morphia ia decomposed, 
and a meconate of magnesia is formed. The morphia being 
thus precipitated, is obtained in an impure stale by filtration, 
and afterwards purified by solution in alcohol. On evapo- 
rating the alcohol, the pure alkali is depositeil in crystals. 

Pure morphia occurs in snuill rectangular white prisms, 
of considerable lustre. It is insoluble in water, but alcohol, 
especially by the aid of heat, dissolves it freely. 'In its pure 
stale, 'this substance is nearly tasteless, owing to its inaolubi- 
lity in water, but when it is rendered soluble by combining 
with an acid, or when dissolved in alcohol, it is intensely bit- 
ter. From the same cause, in its pure and solid state, mor- 
phia is nearly inert on the living system, Orfila having given 
twelve grains to a dog, without any sensible effects. Onthe 
contrary, when in a state of solution, it acts on the system 
with great energy, Orfila having seen alarming effects from 
half a grain. 
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The beat method of using morphia in medicine is to forai 
with it an acetato, or a citrate, both of which are soluble in 
water, and alcohol. In eiiher of these states, it is given in 
those cases where opiates are required, and it produces all 
the soothing efiecta of opium, without the disagreeable conse- 
quences which often follow the administration of that drug, 

Nareotlne, This substaucp, though not an alkali, is cob 
tained in opium, and is therefore properly noticed here. 

Narcotine is obtained by digesting opitun in water, and 
evaporating the solution to the consistence of extract, and 
then digestiiig this with sulphuric ether. The water, as shown 
above, will hold in solution meconate of morphia, as well as 
narcotine, but the meconate is insoluble in ether, which only 
takes up the narcotine. On evaporation, the ether so treated 
will deposit small particles of narcotine. 

This substance is little soluble in water, either cold or hot, 
but dissolves in oil and alcohol. 

The unpleasant properties of opium as a medicine, are at- 
tributed to this sul^tance, and perhapa the different effects of 
the salts of morphia from opium, are only owing to their not 
■.ontaining narcotine. 

Cinckonia and Quiiaa. 

It has been fully established, that the efficacy of cinchooia, 
or Peruvian bark, in the cure of fevers, resides in the alka- 
lies, called cinehonia and quinia. These two principles, 
though quite analogous in many respects, are distinct sub- 
*siancesj and appear to bear the same relation to each other 
as potash and soda. Cinehonia exists in the pale bark, quinia 
in the yellow, and both are present in the red bark. 

They are obtained from these substances by a process 
wmilar to that already described for separating morphia from 
opium. 

Cinehonia appears in white crystallioe grains, which are 
.nearly insoluble in water, but which are readily taken up by 
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boiliDg alcohol. ''Its alkatiae properties are well marked by 
its power of nentraliziiig acids. It forms nitrates, muiiatea, 
tulphates, acetates, &c... all of which are soluble in water. 

Quinia is a white, porous substance, of a flocculent ap- 
pearance. It does not, like cinchonia, form cryaials. It is 
also nearly insoluble in water, but dissolves freely in alcohol, 
affording an intensely bitter solution. Like cinchonia, it has 
strong alkaline powers, and forma salts with the several 
acids. Its febrifuge effects are much more decisive than 
those of cinchonia, and it is now extensively employed in the 
practice of medicine/in the form of the sulphate of quinia 

^^This salt crystallizes in delicate white needles! It contains 
00 parts of the qninia combined with 10 of the acid. 

The composition of cinchonia and quinia is thus stated by 
Pelleiicr and Dumas, 

rinchoaw. Qulnii. 

Carbon 76.97. Carbon 74.14 

Oxygen 7.97 Oxygen 6.77 

Hydrogen 6.22 Hydrogen 8.80 

Nitrogen 9.03 Nitrogen 10.76 

100.18 100.47 

The composition of these alkalies, therefore, consist of the 
vume elements, and nearly in the same proportions. 

ANIMAL CHEMISTRY. 

In relation to chemistry, the circumstances which distin'- 
^ish animal from vegetable substances, are the large quan- 
tity of nitrogen which the former always contain, their strong 
tendency to putrefaction, and the offensive products which 
they exhale during decomposition. 

Animal substances are essentially composed offcarbon, 
hydrogen, oxygen, and nitrogen ; and in addition (0 these, 
they sometimes contain sulphur, phosphorus, iron, and small 
quantities of saline matter. 

KirJn.— The lean parts of animals consist chiefly of fibrin. 
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This may be separated and observed in jta pni* stale, by re- 
moving ihe soluble parts of lean beef, cut into small pieces, 
by repeated waahing, and digestion in cold water. 

Fibrin thus obtained, is nearly while, and is insipid and 
inodorous. It readily passes into ihe putrefactive fermenta- 
lion, but in thin pieces, suspended in a dry place, its fluid 
pans ei'aporale, and it becomes hard, brittle, and translucent 

Alcohol converts fibrin into a fatty substance, which is so- 
luble in the same Aitid and in ether, but is precipitated by the 
addition of water. This substance is decomposed by all ihe 
strong acids, and is dissolved by caustic potash. 

Fibrin is composed of 18 parts of carbon, 14 of hydrogen, 
5 of oxygen, and 3 of nitrogen. 

Albumen. — Albumen enters largely into the composition of 
animals. Their solid, as well as fluid parts, contain it Id 
greater or less proportion. Liquid albumen is nearly pure 
in the whites of eggs lis appearance, and many of its pro- 
perties, in this stale, are well known. It is coagulated, and 
converted into a soft solid,' by heat, by alcohol, and by the 
stronger acids. The character of being coagulated by heat, 
distinguishes albumen from all other animal fluids. It is com- 
pletely soluble in cold n-ater, and it is said that when ibis fluid 
contains only -^^-^^ pari of albumen, it becomes opalescent by 
boiling. On this properly is founded the clarifying effect? 
of albumen. As it coagulates, by the heat of tno ivaler, ii 
entangles any insoluble particles the fluid contains, and rises 
with them lo the surface, 

Gelatint. — This substance forms a proportion of all the 
solid parts of animals, and is particularly abundant in the skin 
tendons, membranes, and bones. It is soluble in boiling waler. 
and forms a bulky, semi-transparent, iremulous mass, when 
cold. By evaporation, il becomes a solid, brittle, hard, and 
semi-transparent substance, known in commerce and ihe arts, 
under the name of glue. This is chiefly prepared from the 
cuttings of skins, and the ears and hoofs of animals. Isin- 
glass, which is the purest variety of gelatine, is prepared from 
certain parts offish, and especially ihe sturgeon. The gela- 
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line called calves foot jelly, ia prepared by boiling the feet of 
that animal in water. 

Gelatine is precipitated by tannin. This ia so delicate a 
lest for gelatine, that it is'said, an infusion of aut galls, which 
contains a ]arge quantity of tannin, wilt show the presence 
of gelatine when mixed with 5000 times its weight of water. 

The three ingredients, fibrin, albumen, and gelatine, form 
the most bulky parts of all animals, that is, the flesh, tendons 
cartilages, and skin!.. 

Oleaginous Substances. 

The fat of animals is very analogous, in its composition 
and proportions, to the fixed, vegetaUe oils, iis ultimate prin- 
ciples being carbon, hydrogen, and nitrogen. 

There is a considerable variety in the appearance and 
cjualities of the &tly principle contained in diSerent aninuls. 
' The solid fat of land animals is called tallow, while the cor- 
responding Hubstance from fish, which Is fluid at common 
temperatures, is called oil. 

All these substances agree very nearly in respect to com- 
position, the principal diffiirence being in lespect to form and 
appearance. Their uses, for making soap, giving light, &c 
are well known. 

Blood. 

The blood of animals obviously consists of two parts, called 
serum and crassnTnentum. Inhealthy blood, these two parts se- 
parate spontaneously on standing. The crassamen turn coagu- 
lates, and forms a red, solid mass, while the serum surrounds 
it, in form of a yellowish fluid. 

The serum contains a small quantity of soda in a free state, 
and is 29 parts in 1000 heavier than water. It consists, in 
part, of albumen, and is coagulated by heal, acids, and alco- 
hol. The crassamentum consists of two parts, the fibrin and 
the colouring matter. The fibrin does not differ, except in 
form, from that obtained from lean flesh, which has already 
been described. 
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The coloring maltet of the blood consists of disdnct par- 
ticles, which in birds and cold-blooded animals, are elliptical 
in (bmi, but in man and other mammiferoua animals, (hey are 
fflobttlar. These facts have been acsertained by means of 
uie microscope. The globules are insoluble in the serum, 
but their color is dissolved by water acids, and alcohol. 

It has been suppossed that the crassamentum contaioed a 
portion of iron, but recent analysis has shown that this metal 
does not belong (o the crassamentum as a whale, hut only to 
the coloring matter ; for when the fibrin is carefully sepa- 
rated from the coloring principle, it does not contain a 
trace of iron, while iron is always found in the red glo- 

From the presence of iron in the globules, and its total 

absence in the other parts of the blood, it is inferred that the 
red color of the globules depend on the presence of this 
metal, though its quantity is found to he only halfa grain to 
a handred grains of the globules. 

It is found that during the coagulation of blood, heat is 
evolved, and consequently its temperature is raised. This 
is owing to its passage from a rarer to a denser stale, in con- 
sequence of which its capacity for caloric is diminished. 
We have had frequent occasions to refer to this principle. 
The increase of temperature from this cause, is however 
very slight, perhaps not more than two or three degrees, but 
its cooling is considerably retarded by the caloric thus 
evolved. 

The blood presents several phenomena, which neither the 
principlesofchemisty nor physiology have been able to ex- 
plain. The cause of its coagulation, for instance, has never 
been satisfactorily accounted for. It does not arise for want 
of heat or motion, for if blood he drawn whea the tempe- 
rature of the air is equal to that of the animal from which it is 
taken, and then kept constantly in motion, its coagulation 
is not prevented, or even retarded. Indeed, neither mod- 
erate heat, nor cold, a vacuum, nor pressure, nor even di- 
lution with water, seem to have any influence on the coagu- 
lation of the blood. On the contrary, its coagulation is pre- 
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vmted by certain causes, the eflects of which could not be 
supposed Co influence this circumstance. Thus, the blood 
of persons who have been destroyed by some kinds of poison, 
and by mental emotions, has been found uncoagulatud, and in 
a fluid stale. How causes ao unlike sbonld produce the 
same efi*ects, or why eiiheT of them should afiect the blood 
Bt all, are equally unknown. 

Respiratioit. 

Respiration is the act of breathing, and consists in tb* 
alternate drawing into, and throwing out of the lungs, a 
quantity of atmospheric air. And it appears that this pro- 
cess, or an equivalent one, is necessary to support ihe hvea 
of all animals. 

The atmosphere, as formerly shown, is composed of 80 
parts of nitrogen, and 20 parts of oxygen, and it is found by 
experiment, that no other gaseous compoimd can be substi- 
tuted for respiration, nor can these proportions be Tatied with- 
out injury to its qualities. 

The immediate efi*ect of respiration, is to piodnce a 
change in the color of the blood as it passes through the 
lung?, thus indicating that it suflers some change in its pro- 
perties at the same time. 

^The necessity of respiration to all warm blooded animals 
requires no proof; and the necessity that the blood should 
be brought mto contact with the air inspired, is equally ob- 
vious from the organimtion of their Innga. 

Such animals are provided with two kinds or classes of 
blood vessels, called veins and arttrUt. 
• The arteries, particularly the large ones, are deeply seal- 
ed within the animal, and convey the blood (o all parts of the 
living system. The veins, on the contrary, especially the 
small ones, are situated near the surface, and are destined 
to convey the blood back to the heart, which had been thrown 
aul by the 1 ■ 
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Bai beftides these two ^leat syatemB of hlooA retseh, 
there i» aoother syMem called the pulmonary, which is dee- 
tined expressly to convej the blood to the lungs, where it 
nadergoes ihe change above mentioned, and then back 
again to the heart. 

The entire r.irculation will now be readily anderstood. — 
The blood being throivn to all parta of the body, is returned 
to the right eioe of the heart by the great sysiem of reina. 
Prom the right side of the heart it is sent to the tungi^ by 
the pulmonary artery, nnd being there changed into arteHal 
blood, is returned by the pulmonary vi-iiis to the left side ol 
the heart From the left side of the heart, it is thrown to 
ail parts of the body by the great system of arteries, to be 
returned to the right side by the veins, as before 

When venoDs blood, fresh drawn, is suSered to stand a 
few minutes in a coutined portion of atmospheric air, it i> 
found that the air loses a part of its oxygen, which is re- 
placed by the same volume of carbonic acid gas, and at the 
same time the color of the blood, from being of a dark pur- 
ple, becomes florid red. This is the same change of color 
which the blood undergoes in its passages through thelun^. 
The cause of the change in the lungs might therefore be 
inferred to be the absorption of oxygen by the blood, and the 
subsequent emission of carbonic acid. 

That this change of colour in venous blood, when out of 
he lungs, is owing lo the contact of oxygen, is shown by 
the more immediate production of the same eflect when 
oxygen is substituted for atmospheric air, and also by the 
&ct that no change of color is produced when the oxygen 
is entirely excluded. Hence the inevitable conclusion, Uwt 
fresh drawn venous blood emits a quantity of carbon in con- 
sequence of its coming in contact with oxygen, and that it* 
change of color is caused by this emission. 

The same change thus proved lo take place in the atmoa- 
phere, is constantly going on in the lungs. The venous 
blood, which, as ahove explained, is sent to the lungs through 
the pulmonary artery, is charged with carbon, to which it 
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Dwes its darlt color. The oiygen of Ae atmospheie, by in- 
»[)ira(ion, (ills all the air vessels of the lungs, and is thus 
brought nearly into contact with (he blood, being separated 
from it only'by the thinnest membrane. 

It appears that through this membrane, the oxygen of the 
atmosphere is absorbed, and having combined with a portion 
of the carbon of the blood, it is again emitted in the lonn of 
carbonic acid gas, and to this process is owing the change 
*rom venous to arterial btood. 

In proof of ihis, experiment sfaons that when any living 
iQimal is confined in a portion of air containing a known 
quantity of o.ivgen gas, the oxygen gradually disappears, 
tnd is replaced by the same quantity of carbonic aciti. In 
ordinary respiration, the air from our lungs always contains 
a portion of carbonic acid. This is proved by merely blow- 
ing into a glass vessel containing a solution of lime in water, 
w what is commonly called limt icufer, when the clear water 
will instantly become turbid, because the carbonic acid from 
tne lungs unites with the lime of the water, and forms an in- 
soluble carbonate. 

It does not appear that the oxygen is absorbed, and retain- 
«d by the blood, for the absolute quantity of air, though 
ntaay times respired by a confined animal, remains the same. 
T'bi.s also proves that the nitrogen of the atmosphere is not 
absorbed. It is well known by experiment, that the conver- 
sion of oxygen gas into carbonic acid, does not in the least 
change its volume, but only adds to its weighL This ao- 
connts far the reason why the volume of air is not changed 
by respiration, or by convertion into carbonic acid, provided 
QO absorpAion take place. 

Thas the change from venous to arterial blood, seems to bo 
produced entirely by the ]o!=s of carbon, whieb the former 
suffers while passing through the longs. 

Il appears also, from numerous eTperimenta, that not only 
waim blooded animals, but also fish, and cold blooded reptiles 
of ihe lowest order, absolutely require the presence o. 
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017^0 in order to snstaia life. Water, It has already Been 
■tal^, always contains a portionof thisgas in a free state, and 
although tbe quantity is small, it is sufficient to sustain th*: lives 
of its inhabitants. That fish, frogs, and other animals of thia 
kind, cannot sustain life without oxygen gas, is proved by the 
&ct, that they die in a short time, if the water in which thev 
are placed is covered with a film of oil, so tl^at no oxygen is 
aihnitted. Frogs, though capable of suspending their respira- 
tion for a long time, die in less than an hour, if the small 
quantity of water in which they are confined is covered with 
oil. Aquatic insects and worms exhibit the same phenome- 
na when treated in the same manner. In these cases, ex- 
periment has shown that oxygen is converted into carbonic 
acid, the effect being the same as that produced by the re- 
spiration ofwairm blooded animals. 

Indeed, the experiments of Spallanzani prove that ani- 
mals produce this change by the action of their skin. Thus, 
serpents, lizards, and frogs, durin? (heir torpid state, and 
when their respiration is suspended, stilt require small por- 
tions of oxygen, which they constantly convert into carbonic 
acid by means of their skin, and it is probable, that in this 
manner, the blood of these animals parts with a little car- 
bon. 

Antmal Heat. 

Daring cmnbustion there is an absorption of oxygen, and 
a BUDseijuent emission of carbonic acid gas, and in the act oi 
teapiration, oxygen disappears, and is replaced by the same 
acid gas. Combustion and respiration are therefore sup- 
ported by the same principle, and yield the same product. 

This analogy led Dr Black to conclude that the changed 
which take place on the air, and on the blood in the lungit. 
was the cause of animal temperature : and several circum- 
atances relative (o the structure of ammals and the quantity 
of oxygen they consume by respiration, seem to ahow that 
the heat of their blood depends, in a measure at least, on the 

rntity of this principle thus consumed. Animals having 
power to maintain their temperatures above the media 
ID which they live, are provided with capacious lungs, and 
^mnme large quantities of 'oxygea Birds, the temperatore 
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nf wkose blood is higiier than thalof man, and (joadrupeds, 
have Iiinga still more capacious, according to their size, and 
consequently, most probably consume more vital air. On 
the contrary, fiah, frogs, and other animal of this tribe, 
which consume only very minute portions of oxygen, do not, 
sustain their temperature above the media in which they 
live. 

It appears also, that the temperature of an animal, when 
made to respire pure oxygen gaa, is raised above the natural 
standard, but (vhen the quantity of this gas consumed is 
small, the temperature of the animal &Us, and the circula- 
tion of the blood is sluggish and languid. 

Prom these considerations, it would appear that the heat 
of the animal is sustained by its respiration, and that its 
temperature is proportionate, in some degree, to the quantity 
of oxygen it consumes, or converts into carbonic acid. 

l^Dr. Crawford, pursuing this idea, supposed that the car- 
bonic acid discharged by the breath, being generated in the 
(ungs, and accompanied with the loss of oxygen, extricated 
heal during its formation, and that the temperature of the 
animal might thus be explained. But as the heat of' the 
lungs was found to be no greater than that of other internal 
parts, there must be some mode of accounting for its dis- 
tribution to other parts of the system, otherwise this 
theory could not for a moment be supported. It is ob- 
vious that, in whatever manner this distribution is efiecled, 
the heat must be latent, or insensible; for supposing it to be 
in a free state, the lungs, or part where it is generated, 
would still be at a higher temperature than the parts to 
which it is distributed. 

Accordingly, on comparing the capacities of venous and 
arterial blopd for heat, Dr. Crawford found, that arterial 
blood had the greatest cajracity, and therefore, that at the 
same temperature, it contained a quantity of latent heat, 
which the venous blood did not. He therefore supposed 
that this latent heat was conveyed by the arterial blood, to 
all parts of the system, and as the arterial is gradually con- 
verted into venous blood, so the latent heal gradually b«- 
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came sensible, in all parts of the syslem, and that in llkia 
manner, animal ten pt.Tature is maintained. 

This beautiful theory was supposed to be founded on th* 
true principles of ihemisiiy nnd physitjlogy, and being ao 
received, it accounts very satisfacturily for animal tempera- 
tura. But- Dr, Davy baa since shown that the principal fact 
on which it is founded, the difference of the capacities of ve- 
nous and arterial blood for heat, ia not true, but that in this 
lespeci there is little or no diiference between the two kinds 
of blood. 

If Dr. Davy has maintained the truth, it is obvious that Dr. 
Crawford's theory must fall lo the ground. 

Altboiig'li the facts stated above, in respect to the capacity 
of the lungs, in warm blooded animals, and the quantity of 
oxygen which they consume, when compared with cold 
blooded animals, would seem to show almost beyond a doubt, 
that animal temperature is connected with the quantity of 
oxygen consumed, and the changes which the blood under- 
goes in the lungs ; still some physiologists deny the agency 
of either of these causes in producing such effects, and aa- 
cribe the evolution of animal h^t entirely to the itiff uence of 
the nervous system. 

The foundation of this doctrine, is an experiment of Mr. 
Brodie, who found that on keeping up an artificial respira- 
tion in the lungs of a decapitated animal, the colour of the 
blood was changed from purple to red, and carbonic acid emit- 
ted as usual ; but thai this animal grew cold more rapidly than 
another decapitated animal of the same kind which lay un- 
touched. It ia obvions that this result would follow unless 
heat was evolved by the artificial respiration, because the 
air forced into the lungs would abstract the heat of the ani- 
mal. 

"Were these experiments rigidly exact, says Dr. Turner, 
ihey would lead to the opinion that no caloric is evolved by 
the mere process of arterialization. This inference cann(^ 
however, be admitted, for two reasons : — First, because 
other physiologists, in repeating the experiments of Brodick 
have found that the prcceSs of cooling is retarded by artifi- 
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c.ial Teapiration ; and, secondly, because it is difficult tc con- 
ceive wny the ibrmation of carbonic acid, which aDiforn.ly 
giTea rise lo increase of temperature in other cases, should 
not be attended within the animal body with similar results. 
It may hence he inferred, that this is one of the sources of 
animal beat." 

In respect to the influence of the nervous system over the 
development of animal temperature, there is no doubt but 
considerable efTects may be safely attributed to this c^UBe. 
Bui in what manner the heat is evolved, is perhaps unc.er- 

In conclusion, we, may remark, that the subject of animal 
temperature has excited the attention, and has been made an 
object of experiment and research among philosophers and 
physiologists in all ages, and that many ingenious and some 
plausible theories have been invented and detailed, in order 
lo give satisfactory explanation of its cause. The theory 
of Dr. Crawford, among these, was perhaps the most plausi- 
ble, and certainly the most philosopbical and beautiful. But 
we have seen, that the leading Wts on which it was found- 
ed, have been proved by his successors not lo be true, and 
therefore the theory itself cannot be maintained. That the 
oxygen of the atmosphere is one of the causes of animal heat 
cannot be doubted, from the facts, thai no animal can live 
without it, and that the heat of animals is in some propor- 
tion lo the quantity of this principle consumed. 

But as this principle can have no eflfect, except through 
the lungs, if it is admitted that heal is evolved by its action 
there, there is still much difficulty in explaining either why 
the lungs are not constantly at a higher temperature than the 
other parts of the system, or if they were, how the heat could 
be conveyed to the other parts, from its fountain. 

On the whole, it appears that the cause of animal heat is 
one of the arcana of nature, into which man has not yet been 
permitted to look, and therefore, we mast be contented at 
present to attribute it to the vital principle. 
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PART IV. 

ANALYTICAL CHKMIBTRT. 

To imler into a detailed account of experimental and ana 
:ylical chemistry, is altogether inconsistent with the design 
and limits of the present work. My sole object in this de- 
partment is to give a few concise directions for conductinK 
some of the more common analvtical processes' and in or- 
der to render them more generally useful, I shall give cmm 
plea of the analysis of mixed gases, of minerals, and of mine 
ral waters. 

ANALYSIS OF M1ZEI> OASES. 

Analjfsis of air. or of gaieoui nixtttret containing oxfge» 
Of the various processes by which oxygen gaa may be with- 
drawn from gaseous mixtures, and its quantity determined, 
. none are so convenient and precise as the method by means 
of hydrogen gas. In performing this analysis, a portion of 
atmospheric air is carefully measured in a graduated tube, 
and mixed witli a quantity of hydrogen, which is rather more 
than sufficient for uniting with all the oxygen present The 
mixture is then introduced into a strong glass tube called Vol- 
ta's eudiometer, and is inflamed by the electric spark, the 
aperture of the lube being closed by the thumb at the mo- 
ment of detonation. The total diminution in volume, divided 
by three, indicates the quantity of oxygen originally contain 
ed in the mixture. Thin operation may be performed in a 
trough either of water or mercury. 

Instead of electricity, spongy platinum (page 126) may be 
employed for causing the union of oxygen and hydrogen 
gases ; and, while its indications are very precise, it has (he 
advantage of producing the eflect gradually and without de- 
tonation. The most convenient mode of employing it with 
this intention is the following. A raixutre of spongy plati- 
num and pipe-clay, in the proportion of about three parts of 
the former to one of the latter, is made into a paste with 
water, and then rolled between the lingers into a globular 
form. In order lo preserve the spongy texture of the plati- 
num, a little muriate of ammonia is mixed with the paste ; and 
•hen the ball has become dry, it is cautiously ignited at the 
flame M a spirit-lamp. The sal-anunoniac, escaping from 
all parts of toe mass, gives u a degree of porosity which ia 
peculiarly &vorable to its action. The ball, thus prepand. 
should be protected from dust, and be heated to remieas just 

D,g,t,ioflb,GoOglc 



ANALYSIS OF OASSS. 



V"fore being used. To insure accuracy, the hydrcfjen em- 
ployed should be kept over mercury for a few bours in con- 
Cact -with a spongy plalinumball and a piece of caustic pot- 
ash. The first deprives it of Iracea of oxygen which it 
commonly contains, and the secoqd of moisture and sulphu- 
retted hydrogen. The analysis must be performed in a mer- 
curial trough. The time required for completely removing 
the oxygen depends on the diameter of the tube. If the 
mixture is contained in a very narrow tube, the diminution 
does iiot arrive at its full extent in less than twenty minutes 
or half an hour ; while in a vessel of an inch in diameter 
ihe eSect is complete in the course of five 



Mode of determining the quantity of nitrogen in gaseous 
mixtures. — As atmospheric air, which has been deprived of 
moisture and carbonic acid, consists of oxygen and nitrogen 
only, the proportion of the latter is of course known as soon 
as that of the former is determined. The only method, in- 
deed, by which chemists are enabled to estimate thc^ quantity 
of this gas, is by withdrawing the other gaseous substances 
with which the nitrogen is mixed, y. 

Mode of delerminAng the quantity of carbonic acid in gaseous 
mixtures.— When carbonic acid is the only acid gas which 
is present, as happens in amospheric air, in the ultimate 
analysis of organic compounds, and in most other analogous 
researches, the process for determining the quantity of car- 
bonic acid is exceedinoly simple ; for it consists merely in 
absorbing that gas by lime water or a solution of caoatic po- 
tash. This is easily done in the course of a few minutes in 
an ordinary graduated tube ; or it may be effected almost in- 
stantaneously by agitating the gaseous mixture with the alka- 
line solution in Hope's eudiometer. This apparatus is form- 
ed of two pans: a bottle capable of containing about twenty 
drachms of fluid, and furnished with a well-ground stopper ; 
and a tube of the capacity of one cubic inch, divided into 
100 equal parts, and accurately fitted by grinding to the neck 
of tho bottle. The tube, full of gas, is fixed into the bottle 
pTeriously filled with lime water, and its contents are briskly 
ai^Uted. The stopper is then withdrawn under water, when 
a portion of liquia rushes into the tube, supplying the place 
of^ the gas which has disappeared ; and the process is aiier- 
-murds repeated, as long as any absorption ensues. 

The eudiometer of Dr. Hope was originally designed for 
analyzing air or other similar mizturas, the bottle being & ^«d 
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with a solution of the hydio-sulphuret of potassa or lime, or 
some liquid capable of absorbing oiygen. To the employ- 
ment of this apparatus it has been objected, that the alsoTp- 
lion is rendered alow by the partial vacunm which is conlinu- 
ally takinw place within it, an inconvenience particularly felt 
toivards the close of the process, in. consequence of the eudi- 
ometric lit|uor being diluted by the admission of water. To 
remedy this defect, Dr. Henry has substituted a botlle of elas- 
tic gum for that of g'lass. by which contrivance no vacuum 
can occur. From the improved method of analyzing air, 
however, this instrument is now rarely employed in eudiome- 
try ; but, it may be used with advantage for absorbing carbo- 
nic acid of similar gases, and is particularly useful for the 
purpose of demonstration. 

Mode of analyzing mixtures of hydrogen and other injlam' 
mabh gases. — When hydrogen is mixed with nitrogen, air, or 
other similir gaseous mixtures, its quantity is easily ascer- 
tained by causing it to combine with oxygen either by means 
of platinum sponge or the electric spark. If, instead of hy- 
drogen, any other combustible substance, such as carbomc 
oxide, light carburetted hydrogen, or olefiant gas, is mixed 
with nitrog<!D, the analysis is easily afTected by adding a suf- 
ficient quantity of oxygen, and detonating the, mixture by 
electricity. The diminution in volume Indicaiee the qitautitv 
of hydrogen contained in the gas, and /rom the carbonic acio, 
which may then be removed by an alkali, the quantity of car- 
bon is inferred. 

When oh'fiant g^s is mixed with other inflammable ^es, 
its quantity is easily determined by an elegaiit and simple 
process proposed by Dr. Henry. It consists in mixing 100 
measures, or any convenient quantity of the gitseous mixture, 
with an equal volume of chlorine in a vessel covered with a 
piece of cloth or paper, so as to protect it from light ; and 
after an interval of about ten minutes, the excess of chlorine 
is removed by lime water or potassa. The loss experienced 
by the gas to be analyzed, inoicates the exact quantity of ole- 
fiant gas which it had contained. 

In mixtures of hydrogen, carburetted hydrogen, and car- 
bonic oxide, the analytic process is exceedingly difiicultand 
complicated, and requires all the resources of the most re- 
fined chemical knowledge, and alt the address of an experi- 
enced analyst. The most recent information oa this suqiect 
will be found in Dr. Henry's Essay in the Philosophical 
Transactions for 1824. 
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As the Tery extensive nature of this deparuren' of analyti- 
cal ciicmistry renders a selection necessary, 1 sh^ll conQne 
mj' leraarks solely to the analysis of those earthy minerals 
with which the beginner usually commences his labo'jrs. The 
most common constituents of these compounds are silica, alu- 
mina, iron, manganese, lime, magnesia, potassa, scla, anil 
the carhonic and sulphuric acids ; and I shall, theief'jre, en- 
deavor lo give short directions for determming the quantity of 
each of these substances. 

In attempting to separate two or more fixed principles from 
each other, the first object of the analytical chemist is to 
bring ihem into a state of solution. If they are solubl'J in 
water, this fluid is preferred to every other menstruiun, but 
if not, an acid or any convenient solvent may be employed. 
In many instances, however, the substance to be analyzed 
resists the action even of the acids, and in that case, the fol- 
lowing method is adopted : — The compound is first crushed, 
by means of a hammer, or a steel mortar, and is afterwards 
reduced to an impalpable powder in a mortar of agate ; it is 
then intimately mixed with three, four, or more times its 
weight of potassa, soda, baryta, or their carbonates; and las^ 
ly, the mixture is exposed m a crucible of silver oi platinum 
to a strong heat During the operation, the alkali combines 
with one or more of the constitu^ts of the mineral ; and, 
consequently, its elements being disunited, it no longer resists 
the action of the acids. 

AntUyns of Marble or Carbonate of Lime. — This analysis 
is easily made by exposing a known quantity of marble, for 
about half an hour, to a full white heat by which means the 
carbonic acid gas is entirely expelled, so that by the loss in 
Wiiight the quantity of each ingredient, supposing the marble 
to have been pure, is at once determined. In order to as- 
certain that the whole loss is owing to the escape of carbonic - 
acid, the quality of this gas may be determined by a compa- 
rative analysis. Into a small flask, containing muriatic acid, 
diluted with two or three parts of water, a known quantity o. 
marble is gradually added, the flask being inclined to One 
ride in order to prevent the fluid from being flung out of tho 
vessel during the effervescence. The diminution in weigki 
experienced by the flask and its contents, indicates the quan, 
dty of carbonic acid which has been expelled. 

Bhonld the carbonate suffer a greater loss in the fiie thw 
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when decomposed by an acid, it will most p" 'jdbly b? foimd 
10 contain water. This may be ascertaiaed by heating a 

eiece of it to redness, in a glass tube, the stde^ of which will 
e bedewed with moisture, if water is present. Its quantity 
may be determin'd by causing the watery vapour to past 
through a weighed tube filled with Iragments of ibe chlori^ 
of ci^iuin, (muriate of lime,) by which ibe moisture is ab^ 
aorbed. 

Separalion of Lime and Magnesia. — The more common 
kinds of carbonate of lime frequently contain traces of sili- 
cious and aluminous earths, in consequence of which, they 
are not completely dissolved in dilute muriatic acid. A very 
frequent source of impurity is the carbonate of magnesia, 
which is often present in such quantity that it forms a pecu- 
liar compound called magnetian limtatone. The analysis of 
this substance, so far as respects carbonic acid, 'S the same as 
that of marble. The separation of the two earths may be con- 
veniently effected in the following manner. The solution of 
the mineral in muriatic acid is evaporated to perfect dryness, 
in a flat dish or cofsule of porcelain, and aAer re-dissolving 
the residuum, in a moderate quantity of distilled water, a solu- 
lion of the oxalate of ammonia is added as long as a precipi- 
tate ensues. The oxalate of lime is then allowed to subside, 
collected on a filter, converted into quicklime by a white heat, 
and weighed ; or iLe oxalate may be decomposed by a red 
heat, the carbonate resolved into the sulphate of lime by sul- 
phuric acid, and the excess of acid expelled b^ a temper«- 
ture of ignition. To the filtered liquid conlainmg the mag- 
nesia, an excess of carbonate of ammonia, and then phos- 
phate of soda is added, when the magnesia in ibe form of the 
ammoniaco-)ihosphate is precipitated. Of this precipitate 
heated to redness, 100 parts correspond to 40 of pure mag- 
nesia. (Murray.) 

Earthy Stdphalei. — The most abundant of the earthy sul- 
phates, is that of lime. The analysis of this compound ir 
easily effected. By boiling it for fifteen or twenty minutes 
with a solution of twice its weight of the carbonate of socta, 
double decomposition ensues; and the carbonate of lime 
after being coAected on a filter and washed with hot water, n 
eithei heated to low redness, to expel the water, and weighed 
or at once reduced to quicklime by a white heaL Of the di » 
carbonate, fifty pans correspond*^ to- twenty-eight of luuv. 
The alkaline solution is acinulaled with muriatic acid, and 
lite Bulphniic acid thrown down by the murifUe cf buyta. 
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From the sulphate of this earth, collected aad dried at a red 
heal, the quantity of acid may easily be estimated. 

The method of analyzing the sulphates of strontia and ba- 
ryta is aommvhat different. As these salts are dilHcult of de- 
composition in the moist way. the following process is adopt- 
ed. The sulphate, in fine powder, is mixed with three times 
its weight of the carbonate of soda, and the mixture is heat- 
ed to redness in a platina crucible, for the space of half an 
hour. The ignited mass is then digested in hot water, and 
the insoluble earthy carbonate collected on a filler. The oth- 
er parts of the process are the same as the foregoing. 

Mode of analyzing compounds of Silica, Aiumin^ and Iron. 
Minerals, thus constituted, are decomiosed by an alkaline 
carbonate, potash, or soda, at a red heat, in the same manner 
as the sulphate of baryta. The mixture is afterwards digest- 
ed in dilute muriatic acid, by which means all the ingredi- 
ents of the mineral, if the decomposition is complete, are 
dissolved. The solution is next evaporated to dryness, the 
heat being carefully regulated towards the close of the pro- 
cess, in order to prevent any of the chloride of iron, the vol- 
atility of which is considerable, from being dissipated in va- 
por. By this operation, the silica, though previously held in 
solution by the acid, is entirely deprived of its solubility ; so 
that on digesting the dry mass in water, acidulated with mu- 
riatic acid, the alumina and iron are taken up, and the silica 
is left in a state of purity. The siliceous earth, after sub- 
siding, is collected on a filter, carefully edulcorated, heated 
lo redness, and weighed. 

To the clear liquid containing iron and alumina, a consid- 
erable excess of a solution of pure potassa is added j so as 
not only to throw down these oxides, hut to dissolve the alu- 
mina. The peroxide of iron is then collected on a filter, edul- 
corated carefully until the washings cease to have an alkaline 
reaction, and is well dried on a sand bath. Of this hydrated 
peroxide, forty-nine pans contain forty of the anhydrous pe- 
loxide of iron. But the most accurate mode of deterroimog 
'its quantity is by expelling the water by a red heaL This op- 
eration, however, should be done with care ; since any ad- 
hering panicles of paper, or other combustible matter, would 
bring the iron into the state of black oxide, a change which 
is known to have occurred by the iron being attracted by a 
magnet 

To procure the alumina, the liquid in which it is dissolved 
u boiled with sal-ammoniac, when the muriatic acid uiutea 
29 
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with the |)otasaa, ihe volalile alkali is dissipated in vapor, and 
the alumma subsides. As soonaslhesoliilion is ihiis render- 
ed neutral, the hydrous alumina is collected on a filter, dried 
by exposure to a white heat, and quickly weighed after remo- 
val from the Are. 

Separation of Iron and Mangaw:se. — A compound of these 
metals or their oxide may be dissolved in muriatic acid. If 
the iron is in a large proportion compared with the manga- 
nese, the following process may be adopted with advantage. 
To the cold solution, considerably diluted with water, and 
acidulated ivith muriatic acid, carbonate of soda is gradually 
added, and the liquid is briskly stirred with a glass rod, durinff 
the effervescence, in order that it may become highly chargea 
with carbonic acid. By neutralizmg the solution in thia 
manner, it at length attains a point a1 which the peroude ot 
iron is entirely deposited, leaving the liquid colourless; while 
the manganese, by aid of the free carbonic acid, is kept in 
solution. The iron, after subsiding, is collected on a filler, 
and its quantity determined in the usual manner. The filter- 
ed liquid is then boiled with an excess of the carbonate ot 
soda; and the precipitated carbonate of manganese ia col- 
lected, heated lo low redness in an open crucible, by which it 
is converted into the brown oxide, and weighed. This meth- 
od is one of some delicacy ; but in skilfui hands, it aflTords a 
very accurate result. It may also be employed for separating; 
iron from magnesia and lime as well as from manganese. 

Bulif the proportion of iron is small, compared with that of 
manganese, the best mode of separating it is by the succi- 
nate of ammonia or soda, prepared by neiiirahzing a solution 
of succinc acid with either of those elkalies. Tfcit this pro- 
cess should succeed, it is necessarv that the iron be wholly 
in the state of peroxide, that the solution be exactly neutral. 
which may easily be insured, by the cautious use of ammo- 
nia, and that the reddish-hrown coloured succinate of iron be 
washed with cold water. Of this succinate, well dried at a 
temperature of 212° F., 90 parts correspond to 40 of the pra- 
oxide. From the filtered liquid, the manganese may be pre- 
cipitated at a boiling temperature by carbonate of soda, and 
its quantity determined in the way above mentioned. The 
benzoate may be substituted for the succinate of ammonia in 
the preceding process. 

It may be stated as a general rule, that whenever it is in- 
.ended to precipitate iron by means of the alkalies, the succi- 
nates, or benzoates, it is essential that this metal be in the 
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maxinHim of oxidation. It is easily brought into this State hy 
digestion with a little nitric acid, '- 

Separation of manganese from lime and magnesia. — If llie 
quantity of the former be proportionally small, it is precipita- 
ted as a sulphuret by the nydrosulphuret of ammonia or pot- 
"asaa. This sulphuret ia then dissolved in muriatic acid, and 
the manganese thrown down as usual by means of an alkali. 
But if the manganese be ihe chief ingredient, the best method 
is to precipitate it at once, together with the two eanha, by a 
fixed alkaline carbonate at a'boiling temperature.' The pre- 
cipitate, afler being e.'cposed to a low rea heat and weighed, 
is put into cold water, acidulated with a drop or two of nilric 
icid, when the lime and magnesia will be slowly dissolved 
with effervescence. Should a trace of the manganese be 
likewise taken up, it may easily be thrown down by the hy- 
droSulphuret of ammonia. 

Mode of analyzing an earthy mineral containing silica, iron, 
• alumina, manganese, lime and magnesia. — The mineral, re- 
duced to a fine powder, is ignited with three or four times its 
weight of the carbonate of poiassa or soda, the mass is taken 
up in dilute muriatic acid, and the silica separated in the way 
already described. To the solution, thus freed from silica 
and duly acidulated, carbonate of soda is gradually added, so 
as to charge the liquid with carbonic acid, as in the analysis 
of iron and manganese. In this manner the iron and alumina 
are alone precipitated, substances which may be aeparate.d 
from each other by means of pure potassa. The manganese, 
lime, and magnesia, may be determined by the processes al- 
ready described. 

Analysis of minerals containing a fixed alkali. — When the 
object is to determine the quantity of a fixed alkali, such as pot- 
assa or soda, it is necessary lo abstain from the employrnent 
of these reagents in the analysis itself; and the beginner will 
do well to devote his attention to the alkaline ingredients 
only. On this supposition, he will proceed in the following 
manner. The mineral is reduced to a very fine powder, mix^ 
intimately with six times its weight of ;he artificial carbonate 
of baryta and exposed for an hour to a white heat. The 
ignited mass is dissolved in dilute muriatic acid, and the stf 
lution evaporated to perfect dryness. The soluble parts an 
■ laken up m hot water ; an excess of the carbonate of ammo- 
nia is added ; and the insoluble matters, consisting of silica, 
carbonate of baryta, and all the constituents of the mineral, 
excepting the hxed alkali, are collected on a filler. TIm 
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dear aolntion ia eTSpoiated to dryness in a porcelain capsula 
and the dry mass is heattid to redness in a crucible of plati- 
niun, in order to expel ihe salts of ammonia. The lesidue ia 
the chloride of potassium or sodium. 

In this analysis, it geoeratly happens that traces of manea- 
nese, and sometimes of iron, escape precipitation in the ^M 

SBit of the process ; and, in that case, they should be thrown 
own by the hydrosulphuret of ammonia. If neither lime 
nor magnesia is present, the alumina, iron, and manganese, 
may be separated by pure ammonia, and the baryta subse- 
quently removed by the carbonate of that alkalL By this 
method the carbonate of baryta is recovered in a pure slate, 
and may be reserved for another analysis. The baryta may 
also be tttrown down as a sulphate bv sulphuric acid, in which 
case, the soda or potassa is procured in combination with that 
acid. 

The analysis is attended with considerable inconvenience, 
when magnesia hapnens to be present, because this earth i* 
not completely precipitated, either by ammonia or its carbo- 
nate , and, therefore, some of it remains with the G-xed alkali. 
The best mode with which I am acquainted for effecting its 
separation, is the following. The carbonate of ammonia is 
first added, and the phosphoric acid is dropped into the liquid, 
until all the magnesia is thrown down in the form of the am- 
moniaco-magnesian phosphate. The excess of phosphoric 
acid is aflerwards removed by the acetate of lead, and thai 
of lead by sulphuretted hydrogen. The acetate of the alkali 
is then brought to dryness, ignited, and by the addition of sul- 
phate of ammonia is converted into a sulphate. 

In the preceding account, several operations have been al- 
luded to. which, from their importance, deserve more particu- 
lar mention. The process of filtering, for example, ia one on 
which the success of analysis materially depends. Filtration 
is effected by means of a glass funnel, into which a filter, made 
of white bibulous paper, is inserted. For researches of deli- 
cacy, the filter, before being used, is macerated for a day or 
two in water, acidulated with nitric acid, in order to dissolve 
lime and other substances contained in common paper, and it 
is afterwards washed with hot water, till every trace of acid 
is removed. It is next dried at 212°, or any fixed temperature 
insufficient to decompose it, and then carefully weighed, the ' 
weight being marked upon it with a pencil. As &y paper 
absorbs hygrometic moisture rapidly from the atmosphere, 
the fihsr, while being weighed, anould be inclosed in a light 
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water, ihis fluid no sooner reaches the ground and percoiatea 
through the soil, than it dissolves some of the subslancea 
which it meets with in its.paasaga Under common circum- 
stances, it takes up so smaU a portion of foreign matter that 
its sensible properties are not materially afiected, and in this 
state it gives rise to spring, will, and river water. Sometimes, 
on the contrary, it becomes so strongly impregnated with 
saline and other substances, that it acquires a peculiar flavor, 
and is thus rendered unfit for domestic uses. It is then known 
by the name of mineral leater. 
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arranged lor the purpose of description m the four divisions 
of carbonated, chalybeate, sulphurous, and saline springs 

The carbonated springs of which those of Seltzer Spa. 
Pyrmonl, Ballston and Carabad. are the most celebrated, are 
distinguished by containing a '^"n^^^^fble quantity of free 
carbonic acid, owing to the escape of which they sparkle 
when poured from one vessel into another. They commu- 
cate a red lint to litmus paper before, but not after being 
boiled and the redness disappears on exposure to the air. 
Mi^ed with a sufficient quantity of lime water, they become 
turbid from the deposition of carbonate of lime. 1 hey rre- 
quentlv contain the carbonate of lime, magnesia, and iron, m 
^nsequence of the fecility with which these salts are dissolv- 
ed by water charged with carbonic acid. . , ■ -i 
The best mode of determining the quantity of carbonic acia 
ia by healing ? portion of the water in a flask, and receiving . 
the carbonic acid by means of a bent tube, in a graduated jai 
filled with mercury. ^^ 
The chalybeate waters are characterizedby a strong Btjy 
tffi inky laete, and by striking a bkick colour with m mni" 
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unfrequent. As examples of saline water may be ei 

ted the springs of Epsom, Cheltenham, Balh, Bristol, Bareges, 

Buxton. Pilcailhly, Toeplitz, Ballslon, and Saratoga. 

The first object in examining a saline spring is to determine 
the nature of its ingredients. Muriatic acid is detected by 
the nitrate of silver, and the sulphuric acid by muriate of 
baiyta ; and if an alkaline carbonate be present, the precipi- 
tate occasioned by either of these tests will contain a carbon- 
ate of silver or baryta. The presence of lime and magnesia 
may be discovered, the former by the oxylate of lime, and tha 
latter by carbonate of anunonia and pho^horic acid. Pa> 
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)f platinmn. To 
to dryness, the 

laatity of water. 

the rich yellow 
the presence of 
brought to dry- 
iree drachms of 
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i saline iDgTed^ 
ipo rating a pint 
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lalysis, a given 
in an evapora- 
sing either pre- 
liquid is divided 
e sulphuric and 
trale of haiyta, 
IT, the muriatic 
The mixed sul- 
leal, and weigh- 
ed ; and tlie latter is then dissolved by dilute muriatic acid, 
and its quantity determined by weighing the sulphate. The 
chloride of silver, of which 146 parts correspond to 37 of 
muriatic acid, is fused in a platinum spoon or crucible, in 
order to render it quite free from moisture. To the othei 
half of the concentrated mineral water, oxalate of lime is ad- 
ded for the purpose of precipitating the lime ; and the magne- 
sia is afterwards throM-n down aa the ammoniac o-phosphale, 
by means of the carbonate of ammonia and phosphoric acid. 
Having thus determined the weight of each of the fixed in- 
gredients, excepting the soda, the loss of course gives the 
quantity of that alkali ; or it may be procured in a separate 
state by the process described in the foregoing section. 

The individual constituent of the water being known, it 
remains to determine the state in which ihey were originally 
combined. In a mineral water containing sulphuric and mu- 
liatic acids, lime, and soda, it is obvious that three cases are 
possible. The liquid may contain sulphate of lime and mu- 
riate of soda, muriate of lime and sulphate of soda, or each 
acid may be distributed between both the base^;. It was ai 
one time supposed that the lime must be in combination with 



oflb^Google 



gent taste, and its specific gravity is 1.211. According to 
the analysis of Dr. Marcet, 100 parts of it are composed of 
muriate of magnesia 10.246, muriate of soda 10.36, muriata 
of lime 0.92, and sulphate of lime 0.Q54. In the rivei Jot- 
dan, which flows inlo the Dead Sea, Dr. Marcet discovered 
the nine principles as in the lake itself — TVmer't CAemisl'p. 

'FbUcHphiad TniUKtlaiiaorEdlnUir|b,ToLTU. 
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■■ ; but recourse mual be hsjl to calculation, when it is wished to deist' 

mine the quantity of acid or alkali in any other quantity of the salt. Thk 
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